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NOTICE

This document is disseminated under the sponsorship of the Department
of Transportation in the interest of information exchange. The United
States Government assumes no liability for its contents or use thereof.

The contents of this report do not necessarily reflect the official view'
or policy of the Coast Guard; and they do not constitute a standard,
specification, or regulation.

This r9port, or portions thereof may not be used for advertising or
sales promotion purposes. Citation of trade names and manufacturers
does not constitute endorsement or approval of such products.
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EXECUTIVE SUMMARY

"A Crew Exposure Study - Phase I" was the title of a research
project that developed a test plan and methodology for assessing the ex-
posure of workers to potent 4 A•'' hazardous chemical substances in the work
environment for both the - Anical transport industry and the off-
shore drilling and produc _.try. The offshore test plan also in-
cluded the methodology for -. ,ioplng sound pressure level (SPL) contour
maps for platformns and rigs. A trial implementation of the offshore plan
was subsequently conducted in Phase I for exposures to chemical substances,
which included gases# vapors, dusts and liquids.

The objectives of the offshore portion of Phase II of the Crew
Exposure Study included implementation of the SPL methodology and an ad-
ditional implementation of the test plan for exposure to chemical sub-
stances. The original scope of work for Phase II did not include personal
noise dosimetry. Monitoring of personal exposures to this physical agent
was added by Southwest Research Institute, with USCG approval, to (1) fill
a void in the industrial hygiene literature and to (2) provide a mechanism
for comparing SPL and noise dosimetry data.

The Phase I offshore test plan emphasized exposures to chemical i
substances for those activities that were directly related to drilling and

production operations. Within Phase II, the definition of the chemical
substances was expanded to include other substances such as welding fumes,
paint chipping debris and sandblasting materials that are encountered dur-
ing maintenance and repair operations on offshore facilities.

Because the offshore and merchant marine industries differ with
respect to their basic operations, chemical substances, exposure potentials
and work schedules, the results of Phase II are being published in two vol-
umes.

o Volume I - Offshore
o Volume II - At Sea

This volume addresses the offshore portion of tho study. This volume of
the final report was prepared to assist the USCG in discharging its de-
fined and continuously developing responsibility for the health and safety
of (1) workers on Outer Continental Shelf facilities and (2) USCG personnel
who conduct inspections of offshore facilities.

In Phase II, the test plan was implemented over a 7-day period on
five production platforms and two platforms with both drilling rigs and
production facilities. Sound nressure level contours were developed for
all seven drilling and production facilities. Noise dosimetry data were
collected on three production platfci-ms and on both combination (drillin;
and production) facilities. Occupational exposures to ousis and fumes were
monitored on two production platforms and on the drilling rigs of tne
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combination facilities. Since Phase I of the Crew Exposure project con-
cluded that the hazard potential of gas and vapor exposures during
normal facility operations was minimal, additional monitoring for these
contaminant classes was not performed during the Phase II offshore test.

The following results and conclusions were drawn from the obser-
vations and measurements that were made during the 7-day offshore test
period. Because of the wide range of equipment, facility configurations,
work practices and company policies that make up the industryp the conclu-
sions are not meant to be representative of the entire industry.

o Sound pressure levels (SPL) associated with normal drilling
and production operations (non-maintenance) ranged from less
than 65 dB(A) in the living quarters to 106 dB(A) in platform
compressor rooms, and to 90 and 105 dBCA) at ths draw works
and generator room on a drill rig, respectively. Sound pres-
sures between these extremes were measured at different loca-
tions on both production platforms and drilling rigs.

o The SPL contour maps indicate that entire portions of plat-
forms and rigs would be exempt from hearing protection re-
quirements for non-maintenance operations as chese areas are
below the 85 dB(A) action level that is recommended in USCG
Navigation and Vessel Inspection Circular NVC 12-82.

ci The SPL environrent on production platforms is relatively con-

stant from day to day. However, the SPL environment on drill-
ing rigs is very dependent on what operations are taking
place. For example, shale shakers and mud pumps do not
operate during tripping of drill string.

o The SPL measurement technique was found to provide a rapid
means of evaluating the spatial variation of noise. On pro-
auction platforms, areas exceeding the 85 de(A) criterion for
hearing protec-tion can be easily identified. The technique
can also be used on drilling rigs if it is recognized that
multiple surveys are necessary in order to account for the
time-varying levels that result from intermittent equipment
operation.

o The noise dosimetry measurements indicate that potentiJal ex-
posures were generally above 100 percent of the permissible
dose relative to USCG !tavigation and Vessel Inspection Circu-
lar NVC 12-82 criteria. All of the dosimeter records for a
full 12-hour shift (14 of 16 records) indicate a ptjD•J.&J
exposure greater than an action level of 50 percent of the
OSHA permissible dose. Under OSHA guidelines, a heari,'q
conservation program would be required.

viii
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0 Potential noise exposures represent the exposure to the un-
protected ear. Facility workers wore varying degrees of
protective devices including no protection, cotton balls,
earplugs and earcups. Recent Industrial hygiene literature
indicates that in practice the entire array of earplug types
may provide less than 50 percent of their rated protection
relative to the ANSI attenuation criteria. The primary reason
is improper insertion of the plug into the ear.

o Drillers and derrickmen tended not to wear hearing protection.
Their noise exposures exceeded the allowable dose within four
to eight hours after the beginning of the shift. Hence, the
Leff( 2 4 ) exposure level of 82 dB(A) was also exceeded. Tha
time when cumulative dose equals allowable dose defines the
exposure at which the Leff( 2 4 ) will equal 82 dB(A) if no [
further exposure is received for the remainder of the 24-hour
period.

o Roustabouts that chipped paint with needle guns were poten-
tially exposed to noise levels that exceeded the allowable
dose within 90 minutes of the beginning of the shift.
Leff( 2 4 ) doses were nominally 100 dB(A), assuming no exposure
during the succeeding 12-hour rest period. One worker used
cotton balls inserted into his ears, and the other wore the
ear plugs furnished by his com'pany for his use. No attempt
was made to determine the affect of these protective devices
on actual dose received.

o Noise levels below 80 dB(A) ao not influence the Leff( 2 4 )
according to NVC 1;-82 procedures. Because the 12-hour rest
period is spent in a sub-80 dB(A) environment, the Leff( 12 )
may be a more appropriate indicator for offshore operations as
it would reduce the costs associated with dosimetry without
compromising the integrity of the procedure.

o Sound pressure level meter readings were compared to the real
time noise dosimetry records. There is good agreement between
the two recorded levels if (1) the two measurements are made
side-by-side at the sam3 time or if (2) the documentation is
sufficient to establish that the measurements were made at the
same location and under the same equipment operating condi-
tions but at different times. The level of agreement is dimi-
nished If there is deviation in the space-time documentation.
Hence, on drill rigs caution should be used in estimating
noise exposures based on SPL meter surveys because of the
time varying nature of equipment operations. On productior
platforms, t"e operating status of the equipment is more
uniform; therefore, the estimation of noise exposures from
SPL meter readings is more feasible.

ix
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o Occupational exposures to airborne dusts from drilling fluid
makeup and paint/rust chipping were acceptable relative to the
current ACGIH guidelines. For the bagged materials that were
added to the drilling mudp the particulates wre classed as
nuisance dusts. A similar co.)clusion was obtained for the
rust/paint chipping debris. The presence of nuisance dust was
not assumed a priori, but it was verified by applying x-ray
fluorescence and wet chemistry techniques to the materials in
question. Where Material Safety Data Sheets and qualitative
analysis indicated the presence of toxic metals, e.g. chrome
and lead, in the rafter samples, quantitative analysis veri-
fied that the concentrations in the airborne dusts were below
instrument detection limits.

o Fume samples were collected beneath the welder's helmet during
welding and in the breathing zone during periodic weld inspec-
tion. Elemental analysis of the fume constituents was based
on the parent metal and electrode classification. Concentra-
t-ons of manganese, iron oxide and zinc oxide fume were below
their respective cxposure limits.

o Opportunities did not arise to monitor sandblasting, oil-base
drilling mud operations or addition of asbestos-containing mud
chemicals to the drilling fluids.

X

"1.!



TABLE CF CONTENTS

Section Lug

LIST OF FIGURES xiii

LIST OF TABLES xv

GLCSSARY OF TERMS xvii

I. INTRODUCTION I

1.1 Background I
1.2 Objectives 2
1.3 U. S. Coast Guard Guidelines on Noise Exposure 3

II. DEVELOPMENT OF THE EXPERIMENTAL PROGRAM 5

II.1 Sound Pressure S

II.1.1 Dufinition of Potential Hazards 3
11.1.2 Experimental Methodology 11

11.1.2.1 Sound Pressure Level Measurements 11

11.1.2.2 Octave Sand Analysis 12
ij.1.2.3 Noise Dosimetry 12

11.2 Dust, Fumes and Mists 16

11.2.1 Definition of Potential Hazards 1611.2.2 Experimental Methodoloqy 18

11.2.2.1 Drilling Fluid Chemicals 18
11.2.2.2 Welding Fumes 19
11.2.2.3 Rust and Paint Chipping 23
11.2.2.4 Silica from Sandblasting 23

11.3 Gases and Vapors 25

11.3.1 Definition of Potential Hazard 25
11.3.2 Experimental Methodology 25

11.4 Liquids 27

11.4.1 Definition of Potential Hazard 27
11.4.2 Experimental Methodology 27

xi



TABLE OF CONTENTS (CONTD)

III. IMPLEMENTATION OF EXPERIMENTAL PLAN 29

1II.1 Description of Facilities and Operations 29
111.2 Sound Pressure Levels 29
111.3 Noise Dosimetry 37
111.4 Dosimetry for Airborne Contaminants 40

IV. INTERPRETATION OF RESULTS 49

IV.1 Sound Pressure Levels and Dosimetry 49

IV.1.1 Measured Sound Levels 49
IV.1.2 Noise Dosimetry 50
IV.1.3 Comparison of SPL and Dosimetry 52

IV.2 Airborne Contaminants 64

V. CONCLUSIONS AND RECOMMENDATIONS 67

V.1 Noise 67
V.2 Airborne Contaminants 69

REFERENCES

APPENDIX A: Sound Pressure Contour Data

APPENDIX 8: Noise Dosimetry Data

APPENDIX C: U. S. Coast Guard Navigation and Vessel
Inspection Circular No. 12-82

N

i', , . -- ,, -, -, : , -- "-. ... '. .' - ' - - " -'-



LIST OF FIGURES

N~• o.

I1i. Curve Fit of Experimental Threshold Data 8

11.2 Metroreader Header Information 13

11.3 Example of HisTogram is

11.4 Roustabout Wearing Sample Pumps for Dust Sample
Collection and Noise Dosimeter While Adding Barite
to Drilling Fluid 20

11.5 Filter Cassette Atta.ched to Welding Helmet 22

11.6 Filter Cassette Suspended from Goggles 22

11.7 Roustabout Wearing Sample Pump and Filter Cassette
for Dust Sample Collection While Chipping Paint with
an Air Chisel 24 j

111l. Upper Level - Platfcrm No. I - Sound Presure Level
Contours in dB(A) 34

111.2 Noise Dosimetry tr SwRI Employee Touring the Field
(luentification Number ND) 1)

39
111.3 Cumulative Effective Exposure on SwRI Employee

(Identification Number ND 1) 41

111.4 Cumulative Dose Recorded on SwRI Employee
(Identification Number ND 1) 42

IV.1 Cumulative Effective Exposure on Roustabout
(Identification Number ND 13) 51

IV.2(a) Cumulative Dose Recorded on Roustatout
(Identification Numtar ND 13) 53

IV.-(b) Cumulative Dose Recorded on Roustabout

(Identification Number ND 13; 10 dB(A) 54
attenuation applied to levels >85 dB(A)

IV.2(c) Cumulative Dose Recorded on Roustabout
(Identificaticn Number ND 13; 20 dB(A) 55
attenuation applied to levels ->85 dB(A)

IV.3 Noise Dosimetry on Driller
(Identification Number ND 8) 60

xiii

= -- • , -- , .... ;ffibiim -- ... !•! !• ' •.. '•"----;'•• !



LIST OF FIGURES (CONTD)

IV.4 Drilling Level, Drill Rig No. 1
Sound Pressure Levels in dB(A) 61

IV.5 Noise Dosimet,'y on Roustabout
(aoentiflcation Number ND 10) 62 it

!V.6 Equipment Deck, Drill Rig No. 1 t
Sound Pressure Levels in dB(A) 63

I

1,'

xivi



LIST OF TABLES

II.1 Relation Between Risk and Equivalent Continuous Sound 4

11.2 Typical Noise Sources for Offshore Facilities 10

11.3 Exposure by Job Title 10

I11.1 List of Offshore Structures and Project Activities 30

111.2 Summary of Noise Dosimetry Activities 31

111.3 Summary of Particulate Sampling Activities 32

!11.4 Octave Band Analysis of Selective Sources (1-5) 35

H11.5 Octave Band Analysis of Selective Sources (6-10) 36

111.6 SPL Time-History on SwRI Personnel 40

111.7 Dosimetry Data Collected Offshore 43

111.8 Relative Elemental Composition of Bulk Samples 44

IV.1 Clasbification of Noise Exposures 56

IV.2 Comparison of SPL and Dosimetry 58

Xv



GLOSSARY OF TERMS AND NOMENCLATURE

ACGIH - American Conference of Governmental Industial Hygienists

AIHA - American Industrial Hygiene Association

AWS - American Welding Society

dB(A) - Decibel level on A-weignted scale

Hz - Frequency in Hertz

L ( ) - Effective noise dose referenced to the exposure durationin parenthesis

MEC - Mixed Esters of Cellulose

MSDS - Material Safety Data Sheet

NIOSH - National Institute for Occupational Safety and Health

NRR - Noise Reduction Rating

NVC - Navigation and Vessel Inspection Circular

OSHA - Occupational Safety and Health Administration

P&CAM - NIOSH Physical and Chemical Analysis Method

PTS - Permanent Threshold Shift

PVC - Polyvinyl Chloride

Q - Flow rate in liters per minute

SPL - Sound Pressure Level

TLV-STEL - Threshold Limit Value - Short Term Exposure Limit

TLV-TWA - Threshold Limit Value - Time Weighted Average; used inter-
changeably with TLV designator

USCG - United States Coast Guard

W - Weight of sampled contaminant

XRF - X-Ray Fluorescence

xvii



1. INTRODUCTION

This final report presents the results of the offshore drilling and
production observations performed by Southwest Research Institute as one
element of the Phas. II-Crew Exposure Study for the U. S. Coast Guard,
Office of Research and Development. The purpose of this study Is to
characterize the potential for on-the-job exposures of crew personnel to
chemical substances and selected physical agents during routine and non-
routine work activities on offshore drilling and production facilities, and
on bulk liquid tankers and barges at sea. Because both the nature of the
potential hazards and the work activities of offshore workers differ
greatly from those for tanker and barge crewmen, the results of this Crew
Exposure Study are being published in two separate volumes. Volume I
reports the results for offshore oil and gas drilling and production
operations. Volume II reports the results for bulk liquid tanker and barge
operations.

I.1 BAckground

The United States Coast Guard is responsible for the health and
safety of offshore and marine transportation workers through the Ports and
Waterways Safety Act as amended in 1978 and the Outer Continental Shelf
Lands Act. This responsibility was clarified in a March 1983 Memorandum of
Understanding between the USCG and OSHA. With respect to offshore activi-
ties, notice of proposed rule making has been issued for Workplace Safety
and Health Requirements for Facilities on the Outer Continental Shelf
(January 9, 1984). The Coast Guard is aware that there are potential
health and safety hazards associated with the exposure of crewmen to flam-
mable and possibly toxic materials involved in offshore drilling and pro--
duction operations. Exposure to high levels of noise is another potential
hazard that may be associated with either the work activities or work en-
vironment of crewmen. However, there has been very little information re-
ported in the open literature to document the actual exposures of offshore
workers to potentially hazardous materials and noise during their work
activities. This information is desirable in order to determine whether
additional regulation or implementation of industry standards is needed to
provide for the health and safety of offshore workers. To obtain this in-
formation, the Coast Guard contracted with Southwest Research Institute to
perform a research project to characterize the exposure of offshore drill-
ing and production workers both to noise and to hazardous liquids, gases,
dusts and vapors during their work activities.

Phase I of the Crew Exposure Study was completed in March 1982 and
* is reported in reference [I]. The Phase I project consisted of the

following activities.

(1) Performing a background study to define the potential hazard
sources associated with offshore operations that might bring
a crewman into contact with toxic or flammable materials.

(2) Developing appropriate analytical models to simulate the
effect of contaminant sources on the exposure to hazardous
materials.

1 Ikam



(3) Developing experimental measurement methods and an
experimental test plan to quantify the actual levels of
exposure of offshore crewmen to hazardous materials.

(4) Conducting a trial implementation of the experimental test
plan for measuring exposure to hazardous material on offshore
drilling and production facilities.

(5) Developing an experimental plan for determining sound pressure
levels and worker exposure to sound pressure (noise) on
offshore drilling rigs and production platforms.

A seven-day long observation was performed during Phase I in which
the experimental test plan was implemented. Drilling and production opera-
tions were monitored on a total of four offshore facilities. All fugitive
and major emission sources of dust, vapor and gas were identified and char-
zcterized. Personal exposure to respirable dust was measured for a rough-
neck during mud mixing operations. Levels of hydrocarbon gas and vapor
concentration were measured near a shale shaker, in a fuel gas compressor
room and downwind of an oil flotation cell. The results of these measure-
ments are described in the Phase I Final Report [1].

In Phase II, the offshore portion of the Crew Exposure Study con-
sisted of one additional implementation of the experimental test plan for
measuring exposure to hazardous materials. Concurrently, the experimental
test plan for sound pressure measurements and worker exposure to noise was
implemented.

1.2 Oblectives

The primary objective of this study was to characterize the expo-
sure of offshore drilling and production workers to potentially hazardous
materials in the form of gases, vapors, dusts and liquids, and to sound
pressure (noise) encountered In their work activities. One additional off-
shore observation of seven days duration was arranged to supplement the
exposure data collected in Phase I. The specific objectives of the Phase
II observation for test plan implementation were as follows.

o Identify and measure the concentration of contaminant emissions
of gases, vapors, dusts and mists as they exist on offshore
drilling rigs and production platforms.

o Monitor the exposure of platform workers to these contaminants
using accepted industrial hygiene procedures.

o Measure sound pressure contours and perform noise dosimetry on
platforms and rigs.

o Observe and document dermal contact with orilling fluids for
rig workers.

The development of the experimental program and the results of the
exposure monitoring activities are described in the following sections.
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1.3 U. S. C2ast Guard luidelines on NolIsg.LYr'.j

In 1978, the U. S. Coast Guard Office of Research and Development
sponsored a study which was conducted by the Naval Ocean Systems Center
(NOSC) of the U. S. Navy under an interagency agreement. The objective of
that study was to investigate various aspects of noise as it relates to
occupational health and habitability on merchant ships. That study
resulted in the publication of five NOSC aocuments.

"o Technical Document 243 - Airborne Noise Levels on Merchant
Ships: A Compilation of Data

"o Technical Document 254 - Airborne Noise Limits for Merchant
Ships: Recommended Acoustical Criteria to Insure Acceptable
Functional and Habitable Environments in Crew Quarters and Work
Stations

"o Techni'a! Document 257 - Nolse on U. S. Merchant Ships: A
Summary of the Problem Kith Recommended Limits and Future Work

"o Technical Document 267 - behavioral and Physiological Effects of
Noise on People: A Review of the Literature

"o Technical Report 405 - Noise Levels and Crew Noise Exposure
Aboarc U. S. Merchant Vessels

The NOS study recommendec zhe iooption of an equivalent 24-hour
noise exposure criterion, Leff( 2 4 ', of 8Ef d5(A) with a 3dB(A) exchange
rate for hearing conservation purposes. A 75 aB(A) criterion level was
recommended as a future goal. The 80 eR(A) criterion was derived from the
8-hour, 85 dB(A) exposure limit of the International Standards Organization
(ISO). In arriving at their Lcff(24) recommendation, the Navy also con-
sidered other domestic standards including an 82 dB(A), 24-hour equivalent
exposure limit, which was derived from the OSHA 90 dB(A), 8-hour standard.

Following the NOSC study, a Joint U. S. Coast Guard/Industry study
group was convened for the purpose of drafting noise exposure guidelines.
The resulting consensus recommendation appears in Navigation and Vessel
Inspection Circular (NVC) No. 12-82, which is entitled "Recommendations on
Control of Excessive Noise" and is included in its entirety as an appendix
in this report. The USCG was represented on the study group by the
Merchant Vessel Inspection and Merchant Marine Technical Divisions.
industry was represented by ship owners and the Offshore Marine Services
Association (OMSA).

The hearing conservation recommendation In NVC 12-82 is based on
an extension of the domestic OSHA standard as opposed to an international
standard. Philosophically, this approach was adopted out of consideration
for (1) familiarity with existing domestic standards, (2) ease of
implementation and (3) general applicability.

3



NVC 12-82 was developed primarily for inspected merchant vessels.

Because a separate guideline was not formulated for offshore facilities,

the USCG has recommended that NVC 12-82 be applied to the reco9nition,

evaluation and control of noise exposures on inspecteo drilling rigs and

production platforms. To this end, offshore noise exposures were moitored

and interpreted in accordance with NVC 12-82.
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II. DEVELOPMENT OF THE EXPERIMENTAL PROGRAM

The background study and the offshore observations on drilling rigs
and production platforms reported in the Phase i Final Report (1] provide
the basis for the development of the exp,)rimental program. These studies
indicated that sources of hydrocarbon gases, vapors and liquids may be en-
countered on both production platforms and drilling rigs. Sources of
potentially hazardous dust or mist are more likely to be associated with
drilling or workover activities. Sound pressure (noise) sources are found
on both drilling and production facilities. The nature of theze potentia.
hazards, their relationship to drilling or production operations and the
experimental measuring techniques are discussed below.

11.1 Sound Pressure

11.1.1 Defiitdion of Potential Hazards

It is generally accepted that long-term exposure to excessive sound
pressure levels can produce a permanent loss in hearing acuity. It is also
known that this pernanent threshold shift (PTS), excluding the relatively
rare loss due to single massive exposures, is dependent not only on the
amplitude of the sound but also several other variables. These variables
include:

"o frequency,
"o exposure duration,
"o coexisting medical disorders,
"o prior exposure history,
"o altered ear response due to orugs or chemicals,
"o availability of recovery time and
"o individual susceptibility.

Unfortunately, beyond the fact that these variables influence the amount of
permanent hearing loss, little correlation exists.

M'edical research and testing performed by Glorig [23 and many
others have indicated a statistical correlation between long term exposure
to sound pressure levels above 80 dB(A) for eight hours per day, fiva days
per week, and a permanent loss of hearing. From Table II.1 it can be seen
that the 90 dB(A) standard of OSHA would assume an acceptable risk of 15.6%
for a 30-year work life. However, others using this and similar data from
later studies have continued to recommend a "no-risk" exposure criterion of
80 de(A) per 8-hoir exposure.

One of the most significant factors mentioned in the list of vari-
ables is individual susceptibility. In a significant research program, Dr.
D. Robinson [3) started with 40,000 factory workers in an attempt to relate
exposure to sound and long-term (permanent) hearing loss. During the
course of his research he eliminated any subject (or single subject's ear)
that had been exposed to high sound levels awc., from work or had suffered
any medical trauma which could have resulted in a loss of hearing acuity.

5
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His screening was meticulous and resulted in a sample size of only slightly
less than 600 ears. Using rather sophisticated mathematical curve fitting
techniques, he developed a correlation equation which related permanent
threshold shift to the exposure (level and time) with the follo•ing equa-

tion.

FTS = 27.S (1 + Tanh(LA2 + 10 log(T/To) + UN - Mi)/15) (1)

where
PTS permanent noise induced threshold shift
T =exposure time (greater than I month)

To reference time (1 month)
LA2 =dB(A) sound level exceeded 2Z of the exposure time
UN = constant based on individual susceptibility
Xi = constant depending on the audiometric test frequency

The variables in this equation require additional clarification.

The PTS was determined experimentally by determining the difference in
hearing acuity for an individual at a given frequency relative to a con-
trol group which was not exposed. Robinson utilized a reference time of
one month in his curve fit. This was selected based on "goodness-of-fit".
LA2 is the sound pressure level In dB(A) which was exceeded during 2% of
the individual's total exposure time. For example, an LA2 of 100 dB(A)
means that 98% of the subject's exposure during the total exposure period
was less than or equal to 100 dB(A).

Plotting this curve over the actual experimental data from his
survey, Dr. Robinson found the correlation shown in Figure II.1. In this
figure EA 2 = LA2 + 10 log (T/To). The most significant aspect of this
figure and Dr. Robinson's work results from the observation that for any
exposure level, the range of possible expected hearing acuity shifts can
be over 50 dB(A). Even at a level of 130 dB(A) exceeded 2% of the time
the range is 50 dB(A).

One quite logical conclusion that can be drawn from this data is
that any gains that might be derived from slight (less than 10 dR(A))
changes in exposure levels are completely overshadowed by individual
susceptibility. From this conclusion then it would appear that the most
effective method for preventing permanent threshold shift in a significant
percent of the exposed population would be to isolate "sensitive ears".
Short term (every 6 months) measurements of hearing acuity could isolate
workers with sensitive ears, and these workers could be moved to quieter
working environments or be required to wear special hearing protection.

Another conclusion, which can be drawn from this figure, rests on
reviewing the distribution about zero hearing loss in the 90 d8(A) area.
At this point in the curve it is not possible to say that long term expo-
sure to noise produces significant hearing loss. Above a level of 100
dB(A) the data supports a decline in hearing acuity "of the sensitive
ears" and above 110 dB(A) there appears to be a measurable decline in
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hearing acuity for the overall population. From this data# it would again
be logical to establish a criteria similar to the existing 90 dB(A)
criteria but enhanced by a mandatory procedure to isolate those with
sensitive ears.

Another factor mentioned above that contributes to the uncertainty
in establishing a firm relation between exposure to sound and noise induced
permanent threshold shift is the natural recovery mechanism of the human
ear. If continued weekly exposure to sound can cause a loss of hearing, It
would seem logical that the 7-day on, 7-day off exposure patter of the
offshore worker could offer significantly lower risk. Again, mvdical re-
search has been unable to document the effects of such intermittent expo-
sure to sound. Perhaps the long-term exposure histories and audiometric
records being accumulated by the offshore industry will provide the neces-
sary data for such a currelatinn.

Lacking an accurdte model for the prediction of noise induced per-
manent threshold shift from exposure to sound, it is necessary to establish
an interim standard which, while perhaps of unknown validity, is conserva-
tive enough to protect the majority of personnel exposed to sound above 80
dB(A) during their working days offshore. The data collected during this
project represents an attempt to accumulate typical sound pressure levels
on offshore facilities and typical noise exposure patterns. The following
sections on sound levels will present this data.

Offshore facilities are unique facilities for sound pressure level
studies in that although the same types of equipment are used in land-based
installations, they are seldom seen in such close proximity to each other.
This closeness can produce higher sound levels than their land-based coun-
terparts.

The specific equipment used and the arrangement of this equipment
varies widely between offshore facilities. Certain general types of equi-
pment, however, were common to all types of installations studied. Table
11.2 lists the generic noise sources found on most off-shore drilling and
production facilities and the normal mode of operation of each source.

Personnel on these facilities work 12-hour shifts for seven days

followed by seven days off. In addition to this longer work day, their
periods each day. This makes It important to give proper consideration to

documenting the range of exposures for each job classification. Table 11.3
illustrates the typical number of hours that the various individuals work-
ing in the listed job descriptions would be exposed to levels above 80
dB(A) in a normal 12-hour shift. In some cases, the individual might spend
a lengthy period of time in a quiet area. As an example, an instrument
repairman, during a period of limited equipment failures, may remain in a
relatively quiet area for several days followed by several days where the
exposure exceeds 80 dB(A) for 12 hours per day. This creates an intermit-
tent-variable noise exposure. The exposure is intermittent because of the
7-day on/off cycle and variab'c due to the wide range of daily exposures.
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TABLE 11.2. TYPICAL NOISE SOURCES FOR OFFSHORE FACILITIES

.. Ty of Facilit -,, Duration
Drilling ProductionItef . .. Ric PIatf orj Conatjauos I nte rm itte nt

Generator Sets x x x
Auxiliary Generators x x x
Compressors x x x

Pumps (Hyd, mud, water) x x x
Crane x x x
Pressure Reduction Valves x x x
Drain Works x ,x
Piping Flow Noise x x X
Helicopters x x X
Crew Boats x x x
Electric Motors x x x

Pneumatic Motors x x x
Horns and Loudspeakers x x I x
Turbine and Imt. Comb.

Eng. Exh. Stacks x x x
Turbine and Int. Comb.

Eng. Air Intakes x x x
Cooling Fans x x xFlares and Vents x x x m
Pneumatic Leaks x x x

TABLE 11.3. EXPOSURE BY JOB TITLE

Type of Facility

Drilling Production Typical Exposure* Time
Job Title . atforM Above 80 dR(A)/12 Hr Shift

Foreman x x 2 - 12
Roustabout y x 4 - 10
Welders/Grinders x x 4 - 10
Crane Operator x x 3 - 10
Tool Pusher x 3 - 12
Derrick Man x 2 - 10
Deck Hands x 6 - 12

j Mud Mixer x 6 - 10
Cook x x 1 - 3
Electrician x x 2 - 10
Mechanic x x 2 - 10
Instrument Repairman x x 2 - 10

* NOTE: These variations were obtained by observation and discussion
with offshore workers.
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11.1.2 Exoerimental Methodologv

11.1.2.1 Sound Pressure Level Measurements

The original experimental plan developed in'Phase I sought to docu-
ment the sound pressure levels in dB(A) on from two to four offshore in-
stallations. This documentation was to include the measurement of sound
pressure levels at every point that would be normally occupied by offshore
workers.

The measurement equipment used during this study included:

o GenRaa Precision Sound Level Meter and Analyzer, Model 1982
o GenRad Sound Level Calibrator, Model 1562-A
o GenRad Type II Sound Level Meter# Model 1565-B
o GenRad Windscreens

Upon arriving at a new facility, an initial survey of the entire
platform was made In order to become familiar with the equipment layout,
personnel and type of acoustic environment. After the initial survey was
completed. a detailed drawing of the various levels of the facility was
obtained and sound level contours were measured. The use of sound level
contours in dB(A) at operator ear level has proven over the years to pro-
vide the best format for recording large volumes of acoustic data. This

format also provides a basis for studying operator exposure by allowing the
analyst to overlay the operator's normal work paths onto the drawings. For
these measurements, variations of less than 2 dB(A) were recorded as the
average for that point. Whore variations exceeded this range, the range
was noted as a "max/mmn" pair on the drawing.

During the measurement of these sound level, contours. spec4 al
attention was given to documenting th6 impact of such items as partitions,
walls, screens and piping on the sound field because these items can be
used to improve the efficacy of various abatement techniques.

Normal procedures were followed to insure the continued accuracy of
the measurements. The equipment was calibrated at the start and end of
each day as well as several times throughout the day. In addition, when
the wind levels became a noticeable variable in the measurements, wind
screens were installed. At no time were sound levels measured when the
wind speed exceeded 10 mph.

During the conduct of the study, it was found that scaled drawings
were not available for certain areas of some of the platforms. When this
was the case, hand sketches were made of the areas to show the relative
position of each major piece of equipment, and these drawings were then
used to plot the contours.

In those highll reverberant areas where sound level contours were
not possible, point sound levels were noted. On the drilling rigs, areas
such as the generator and mud pump rooms were often too reverberant to
"allow the development of valid contours.
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11.1.2.2 Octave Band Analysis

In order to give a more complete picture of the nature of the sound
which made up the Gxposure of the various operators, octave band levels
were measured near representative noise sources. By splitting the overall
sound level into 10 octaves, it is possible to identify not only the por-
tions of the :pectrum that contribute most to the overall dB(A) reading but
also to provide the basis for designing or selecting the most effective
noise abatement approaches.

No attempt has been A,4e to develop a comprehensive list of all
sources, but rather the emphasis was on documenting selected sources which
were significant on the platforms visited.

The locations where octave band test points were taken are marked
on the sound level contour plots for each installation and are tabulated
later in the report.

11.1.2.3 Noise Dosimetry

For many Job descriptions, personnel are exposed to a wide range of
sound pressure levels during a normal workday. One procedure for determin-
ing the equivalent or effective exposure level experienced during a work
day is to have tne worker wear a dosimeter. The effective exposure may also
be obtained by manually calculating exposures based on sound pressure level
measurements combined with time-motion studies of the employee. Both tech-
aiques are discussed.

Noise dosimeters are available with a large variety of features.
Some can be programmed for various standards via internal switches or re-
placeable PROM's*. Sampling rate, dynamic range, crest factor, weighting,
response time, linearity, and resolution vary among units. Some of the
dosimeters can also be used as sound level meters. Many of the dosinieters
have a digital display which indicates the accumulated effective exposure
using the programmed criterion level, threshold level, and exchange rate.
Other units require an external reader which can then provide a hard copy
or dump the recorded information to a computer for storage or further pro-
cessing.

SwRI utilized the Metrosonics dB-301P/652 Metrologgers and
Metroreader as the primary dosimetry system in this study. These units
were programmed with an 82 dB(A) criterion level, 80 dB(A) threshold level,
and a 5dB exchange rate as recommended in USCG Navigation and Vessel
Inspection Circular No. 12-82 [7]. The units sampled four times per
second, and the LOSHA exposure for 480 samples (120 seconds) was stored in
the unit's memory. The LOSHA exposure was computed using the following
equation.

j*Programmable Read Only Memory
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48 L, / 16.
LOSHA = 16.6 LOG 480 1 (2)

where
L is the SPL in dB.

The Metrologgers are capablE. of storing a r.maximum of 480 such values,
providing a total sample duration of 16 hours when 2 minute sampling
times are used. The system has a resolution of 1 dB.

When sampling is completed, the data stored In the Metrologger is
transferred to the Metroreader which provides a hard copy output displaying
time history of the exposure. Fiqure 11.2 indicates the heading informa-
tion provided by the system. The first four lines of the header provides
owner information followed by two lines of Metroreader identification,
including the software version and the unit's serial number. The logger
identification is then printed. The remainder of the printout is labelled
such that it Is fairly self-explanatory. We have added shor, •escriptlons
in Figure 11.2 of those items which may not be clear.

S.W. RESEARCH INST.
ENGINEERING SCIENCES
DEPT. OF MECHANICAL
SCIENCES S.A. TEXAS

DB652 V1O.2 S/N 1484 Threshold cri-ýria
METROREADER SYSTEM

Operating range for
this Unit is 70 to DB-301/2780 S/N 3942 Corresponds to ANSI
134 dB CUTOFF 80 DB "Slow"

BASELINE 70 DB
DYNAMIC RANGE 64 DB Zero if no data have

Sample duration SAMPLE RATE 4/SEC been logged.
STANDBY = 00.09.09 Increments when:
LOGGING = 01.27.13 o run switch is in

Number of samples .SAMPLES = 20933 standby position
integrated by logger-- SITE ............ o microphone is .

DATE ............... removed
USER ............... o logger is in

Number of sampling calibrate mode
periods TOTAL COMPS = 43

EXCHANGE RATE 5 DB-*- - Doubling rate

Sampling period PERIOD 2 MIN
duration

FIGURE 11.2. METROREADER HEADER INFORMATION
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After every Period of time the logger does a calculation and then
stores the result. The number of Computations made is listed as "TOTAL
COMPS a nnnn". The next line is the Exchange (Doubling) rate used,
Commonly used averaging (Doubling) rates are:

LEQ = 3 dB (Worldwide)
LOSHA = 5 dB (U.S. and Canada)
LDOD = 4 dB (U.S. Dept. of Defense)

Below, we will use the term "Lavg" rather than one of the specific types.

Figure 11.3 shows an example of the quasi-graphical time history
printed by the Metroreader.

The major portion of a time history listing is the time versus
Lav, printout. At the beginning and end of the printout, Lavy annotation,
in B, are printed vertically across the paper. The baseline value is at
the left and then every third column is 10 dB higher. Logging time is an-
notated on the far right or far left depending on the value being printed.
At the top is the line "HRS . . . . HRS" or "MIN ....... MIN" as the
Period requires. The dots are under the start of each decade (e.g. 60, 70,
80, 90, . . . dB).

The actual level is printed in an appropriate column so that
visually the lower levels are on the left while increasing levels are
printed more to the right side.

After this printout, several intermediate, cumulative, and current
Lavg'S are printed. The cumulative value is from the start of the test to
the end of the annotated period of time, while the current value is the
Lavg for the specific period only.

The Metrologger/Metroreader system was selected because of its h
ability to provide a time history of exposures. Combined with a time-
motion study of the individual's work activity, it is possible to associate
high periods of exposure with proximity to specific sources of noise. This
feature was deemed a valuable asset for a research study although a system
which records accumulated doses might be sufficient to determine compliance
with prescribed regulations. The dosimeter should also provide a storage
of the peak SPL detected to verify that the prescribed maximum level is not
exceeded.

The second procedure for determining personnel exposure is to map
SPL contours of the facility and record the amount of time the individual
spent within each level. The effective s•<posure level can then be
calculated using Equation 3.

14



TIME HISTORY

I 1 1 1 Graph heading columns
7 8 9 0 1 2 3 indicate Lavg levels
0 0 0 0 0 0 0 IndB

HRS ........ HRS
72

91
97
95

98
96
96

97

96

S. ~95. ..-95
95

95 Dots are spaced 10 dB
99 horizontally and 20

93 minutes vertically In
97 this example

96
97
98
.102 . . .
96

97
97
100
97
97

95
97

94 Indicates one hour of
95. . 1 logging time
95
9S9S

95
96
96
98
97
97

S89 ......
96
98
98

HRS HRS
1 1 1 1

_.:7 8 9 0 1 2 3
-. 0 0 0 0 0 0 0

S•, LOSHA
-.-... •HOUR CURRENT CUMUL

1 96.3 96.3 .-
2 96 .0 96.2;,

III METROSONICS, INC. '

FIGURE II.3. EXAMPLE OF HISTOGRAM
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Leff = 16.61 LOG [I L 1  t 1  C3)

where

LAi A-weighted sound pressure level (dB(A)) during

the i-th time interval, Lt,

t = -th time interval

m

T : 6-- ti = total time interval (i.e. 24 hours)1=1 for Leff (24)

This equation assumes a 5 dB exchange rate, and all levels below 80 dB(A)
may be disregarded.

To successfully evaluate the effective exposure, SPL contours must

be available for differing operations. For example, an auxiliary generator
may be run periodically. The SPL contours in the vicinity of the generator
will, therefore, vary dependirig on its operating status. The location,
frequency, and magnitude of the noise source(s) will affect the contour
spacing and the accuracy necessary in the time-motion study. The employee
may work in an area of relatively constant SPL, requiring a minimum of ac-
curacy in the time motion study. Alternatively, the employee may be using
equipment which itself is a source of noise (i.v. welding, sandblasting,
paint chipping, drill pipe makeup using pneumatic tongs, etc.) The exposure
due to these operations is very much dependent on the number of times the
operation is performed, as well as the workerst proximity to the source.
Therefore, a much more accurate time-motion profile is required to evaluate
the cumulative exposure.

Additional details regarding noise dosimetry are included in
Sections 111.3 and IV.1. These sections discuss collection and
interpretation of dosimetry data.

11.2 Dust. Fumes and Mists

11.2.1 Definition of Potential Hazards

Mists were seldom encountered during either the Phase I or Phase II
project observations. A few exceptions should be noted, however. When
drilling fluid passes over the vibrating screens on a shale shaker on a
drilling rig, a small amount of mist may be formed. A mist of water drop-
lets may also be formed when the mudman washes down the shale shaker with
a water hose. Neither type of mist was considered to be a hazard. A mist
of airborne paint droplets was observed during routine spray painting oper-
ations on offshore drilling and production facilities. The Inhalation of - _

16

S.....~~~~~~ -.......... ,..................................~....... •.... .-. ...



paint vapor and spray could constitute a health hazard depending upon the
nature of chemical Ingredients present in the paint and the level of worker
exposure.

Dust and particle emissions were observed during several
operations. Fine particle dusts were produced in the drilling mud makeup
area when barite and dry drilling fluid chemicals were added to the mud
through dry bulk hoppers. The amount of airborne dust produced varied with
the fineness of the particles. Coursely ground nut hulls and caustic soda
pellets appeared to produce very little airborne dust when handled by
crewmen. On the other hand, finely ground material such as lignitic
material and lignosulfonates produced a visible dust when bags were slit
open and emptied into the hopper. Sandblasting was observed during the
offshore familiarization visits on Phase I. Silica monitoring equipment
was included on the Phase II test, but this operation did not occur during
the seven day offshore test period. Airborne paint chips and rust were
also observed during paint chipping (removed prior to repainting) using
pneumatic air chisels. Inhalation of the paint particles may pose a
potential hazard depending upon the base materials and pigments in the
paint formulation.

These types of dust emissions may present a health hazard to
workers. Inhalation of silica dust produced during sand blasting should be
avoided because it could lead to silicosis and permanent lung damage.
inhalation of dust from arilling fluid materials and paint or rust chips
may present a health hazard depending upon the nature of the chemical
ingredients present and the concentration level and duration of the
worker's exposure.

Information on potentially hazardous ingredients in drilling fluid
materials and paint materials can be found in the Material Safety Data
Sheets that are compiled by the product manufacturer. Some drilling fluid
chemicals, such as sodium hydroxide, have an accepted Threshold Limit Value
(TLV-TWA) or Short Term Exposure Limit value (TLV-STEL). Other chemicals
which are blends of several ingredients, may contain some percentage of a
potentially hazardous ingredient such as chrome or free silica. If the
dust producing material does not contain potentially toxic ingredients, it
may be considered to be a nuisance particulate. In this case, either a
total dust concentration or A respirable fraction dust concentration may be
measured 4nd compared with the respective limit values of 10 mg/nP (total)
or 5 mg/lw' (respi rable) for nuisance particulate substances.

Material Safety Data Sheets can be valuable guides for identifying
toxic constituents for exposure assessments. These sheets are equivalent
in structure to the OSHA Form 20s. One difficulty that arises in using
these sheets to identify ingredients for occupational exposure sampling and
analysis is the information on the bulk material that appears in Section
Ii - Hazardous Ingredients. Two competing mud products that perform the
same function would be expected to have similar chemical and trace metal
assays. However, the level of detailed breakdown on composition is highly
variable to the extent that one sheet may treat the product as a nuisance
dust while the sheet for the competing product that performs the same
function Indicates trace levels of toxic ingredients. This situation could
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be remedied by specifying the minimum concentration in bulk above which a
substance would be included in Section II. This situation was encountered,
and it was resolved by consulting data sheets for other competitive mud
products.

11.2.2 Experimental Methodologv

11.2.2.1 Drilling Fluid Chemicals

Sampling for airborne dust is accomplished by drawing a continuous
stream of air through a filter cassette for a predetermined length of time.
Although it is relatively simple to collect a dust sample for a derrick
man, mud engineer or roustabout when he adds drilling fluid materials to
a hopper, the analysis of the sample depends upon the nature of the
chemicals on the filter. In order to ensure the proper analysis of
airborne dust samples collected during drilling fluid additions, the
following steps were taken:

(1) A bulk sample was collected for each of the drilling fluid
materials added to the hopper during the observation. These
samples could be analyzed by X-ray fluoresence to determine
the presence of trace metals, and to guide the analysis of
personal dust samples.

(2) A record was kept of how many bags of the various drilling
fluid chemicals were added to the hopper during each personal
sampling period., This information was also used to guide the
analysis of individual filter cassettes.

(3) Area samples of dust in the vicinity of the hopper were col-
lected by attaching a filter cassette and pump to the lower
portion of the barite bulk tank at a cassette height approxi- h
mately equal to the breathing zone height of a crewman stand-
Ing close to the hopper. These samples could be analyzed to
determine the presence of metdls and specific chemical ingre-
dients contained in the airborne dust during solids addition 1
through the hopper. This information could guide the analy-
sis of the personal dust samples.

(4) A personal sample of respirable dust fraction was collected
by drawing a continuous stream of air through a miniature
cyclone assembly fitted with a membrane filter. The cyclone
separator and membrane filter assembly was attached to the
crewman's lapel. Air from the breathing zone was drawn
through the cyclone assembly by a pump attached to the crew-
man's belt. The respirable dust sample, which was collected
on PVC filters, was analyzed by weighing the Individual mem-
brane filters both before and after exposure. The average
dust concentration is determined from the increase in weight,
W, the volumetric flowrate of the pump, Q, anC the duration

of exposure.
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C (4)

wh C = average dust concentration, mg/mr3

aW = increase in weight after exposurep mg

Q a volumetric flowrate of the pump, liters/min

*t = time of exposure to dusty environment# min.

This method of analysis is appropriate if the dust has been
determined to be a nuisance particulate.

(5) A personal sar,..e of total dust was collected by drawing a
continuous stream of air through a cassette that contained an
MEC (mixed ester of cellulose) filter. This sample was used
for elemental analysis if it was determined that the Just
contained metals or other potentialty toxic ingredients.
However, if the dust was determined to be a nuisance parti-
culate, this sample could be weighed to determine the total
dust concnt7aTion. All MEC filters were preconditioned and
tarod for this purpose.

Each pump that was used for non-respirable sampling was adjusted
and calibrated to give a nominal volumetric flowrate of 1.7 liters/minute
with a representative load in-line. A separate set of pumps were used for
respirable dust sampling, and they were calibrated with the cyclone/
cassette assembly attached. Calibrations were performed before and after
each dust sampling activity (after about six hours of continuous opera-
tion). The duration of each dust samý's was approximately 100 minutes.
Pulsation dampened pumps were usea.

Figure 11.4 shows a photograph of a roustabout wearing both a
respirable and total dust sampling assembly and a noise dosimeter during
barite addition to the hopper. The details of the samples collected and
the method of analysis employed are discussed further in Section I11.4.

11.2.2.2 j

Breathing zone samples of welding fumes were collected by a filter
cassette assembly adjacent to the welder's nose and mouth. When the helmet
was lowered into position, the filter cassette was pressed against the
welder's cheek, placing the inlet approximately two inches from the center-
line of the welder's breathing zone. When the helmet was up or was not
worn, the cassette remained within nine inches of the welder's nose [5].
"Fume partlcles collected on the filter are generally submicron sized solid
particulate matter generated by the welding process. Several factors can
affect the fume concentration in the welder's breathing zone. These
factors include:
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"o Environmental Conditions;
"o Type and brand of welding consumables;
"o Welding parameters;
"o Base metal;
"o Surface coatings or contaminants;
"o Design of welding helmet-

These factors are discussed in more detail below.

Environmental conditions which affect fume concentrations and the
Individual's exposure level should be recorded. These Include items such
as room size, ceiling height and the ventilation conditions of the
environment. The use of a general or local exhaust system should be
recorded. If available, actual room air flow rates, air changes per hours
and their direction with respect to the weld zone should be recorded. The
position of the welder's helmet with respect to the weld zone and plume.
and adjoining operations should also be recorded.

The type and manufacturer's brand of welding consumable should be
recorded. The A)S electrode or rod classification, diameter and any gas
shielding conditions and composition should be recorded as these items can
be used to identify substances for chemical analysis.

Welding parameters can have a pronounced Infiuence on fume
generation rate. Of particular importance are welding currents polarity
and arc length (arc voltage). Other welding parameters such as travel
speed, electrode feed speed and electrode extension, If applicable, and
arc time can be equally important and should also be recorded,

Fume concentration and composition can also be influenced by base
metal alloy and surface coatings or contaminants. Notation that surfaces
contain paint, oil, scale, metal plating, etc., should be recorded as well
as the base metal alloy.

The design of the helmet can influence the total fume level
entering the breathing zone. Helmet brand name and design type should be
recorded. Because the design of the helmet can influence the exposure# it
is desirable to attach the filter cassette to the welder's personal helmet
rather than instrument a "standard" test helmet. A means of attaching the
cassette to goggles or a face shield should also be provided so the sample
may continue to be collected when the helmet is not being worn. This can
be achieved by clipping the tubing that holds the cassette to the helmet,
face shield hinge point or the band on the goggles. Figures II.S and 11.6
show the position of a cassette fastened in this rianner.

Sampling of the welding fumes requires a calibrated system which
includes a pump, filter cassette, and connecting tubing. The system is
calibrated to obtain a constant sampling rate of 1.5 to 1.7 liters per
minute, ± 5 percent. Pre-test calibration is accomplished by attaching a
"calibration cassette" to th6 tubing and a bubble meter. The cassette is
used with the face closed and the plug removed. The pump is adjusted to
the desired flow rate and the time to draw a known volume (i.e. 1000 cc)
through the bubble meter and cassette Is recorded. The check is run a

21



FIGURE 11.5. FILTER CASSE-TTE ATTACHED TO WELDING HELMET

FIGURE 11.6. Fl[tTER CASSETTE SUSPENDED FROM GOGGLES
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total of five times to provide a base for calculating the average flow
rate. The flow rate check is repeated five times following completion of
the sampling to obtain the post-tcst calibration.

The sampling procedure employed utilizes a three-piece cassette
containing a 37 mm diamter, 0.8 pore size, mixed cellulose acetate
membrane filter and backup pad. The filter may be conditioned and weighed
before and after sampling to determine the weight of total particulates
deposited, if desired. In addition to calculating the total weight of the
particulates, the elemental composition is determined using X-ray fluores-
cence analysis. Detailed procedures are available in NIOSH Manual of Ana-
lytical Methods - Volume 7. August 1981, under P & CAM Method No. 345 [6).

11.2.2.3 Rust and Paint Chippina

Sampling for particulate material prcduced during paint chipping is
accomplished in a manner similar to sampling for drilling fluid dust. In
this case, three steps were taken as follows:

(1) Bulk samples ,F paint chip particles were collected from the
area where the work was performed (rafter sample). These
samples wetj analyzed by X-ray fluoresence to determine the
presence of trace metals and to guide the analysis of the
personal dust samples.

(2) A record was kept of the duration of paint chipping, the
posture of the roustabout (proximity of his breathing zone
to the airborne debris) and the nature of the chips produced
(fine or coarse).

(3) A personal sample of the total dust fraction was collected by
drawing a continuous stream of air through a filter cassette
attached to the roustabout's lapel. This sample was
subjected to a chemical analysis of individual particulate
concentration as described in Section 111.4. Each sample
pump was calibrated to a volumetric flowrate of about 1.7
liters/minute.

Figure 11.7 shows a photograph of a roustabout wearing a total dust
sampling assembly and a noise dosimeter during paint chipping.

11.2.2.4 Silica from Sandblasting

Personal sampling for free silica resulting from sandblasting
operations requires a sample to be drawn through a cyclone assembly and
onto the filter media of a filter cassette. A continuous stream of air is
drawn through the miniature cyclone attached to the worker's lapel to
obtain a breathing zone sample. A pump is calibrated with a 10 mm nylon
cyclone holding a cassette with a 37 mm diameter, 5.0 pore size PVC
(polyvinyl chloride) filter. The system is calibrated to draw 1.7 liters
per minute using a bubble meter calibration fixture.
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The personal samples and a bulk or rafter simple are analyzed by
X-ray diffraction to determine the presence of free silica polymorphs. The
analytes include quartz, crlstobalite, and tridymite. The sampling and
analysis procedure is given in NIOSH P&CAM 259.

11.3 Gases and Vaors

11.3.1 Pefinition of Potential Hazard

Phase I of the Crew Exposure project [1) paid particular attention
to sources of gas and vapor on offshore facilities. Gascs and vapors from
down hole are sometimes found in the flow of drilling fluid that trans-
ports rock cuttings to the surface for removal at the shale shaker. These
formation gases, including hydrocarbon vapors and inorganic gases such as
hydrogen sulfide, carbon dioxide, helium and nitrogen, may break out of
solution from the drilling fluid at the shale shaker. Hydrogen sulfide is
a gas of particular hazard, but it was outside the Scope of Work of this
project. The hydrocarbon vapors range from simple asphyxiants, such as
methane, ethane and propane, to substances with established Threshold Limit
Values (TLV) and Short Term Exposure Limits (STEL), such as butane,
pentane, hexane and benzene. Whether or not the presence of these gases in
the workplace constitutes a hazard depends upon their concentration in the
air. The concentration level of gas near the shale shaker will depend upon
the concentration of gas in the mud, the mud circulation rate and the fresh
air ventilation arrangements near the shale shaker.

The drilling fluid may also emit a vapor into work areas near the
mud pits and mud cleaning equipment. In the case of a water base mud, the
vapor is mostly water vapor. An oil base mud with diesel fuel as the oil
phase can emit a "diesel fuel" vapor (actually a mixture of several hydro-
carbon vapors) that may be irritating to the eyes or respiratory system.

On production platforms fugitive emissions of natural gas and crude

oil vapors may be found in the wellhead area, around oil/water/gas and
oil/water separators, from atmospheric vents or sumps, around gas
compressors and near gas engines that are used as a power source for pumps
and compressors. Natural gas emissions may also be discovered from
instrumentation and flow controllers that use natural gas as an instrument
air supply. Fugitive vapor emissions may also be released from drums of
specialty chemicals (corrosion inhibitors, cleaning detergents,
bactericides, anti-freeze additives) that are vented to the atmosphere.

11.3.2 Experimental Methodoloov

The experimental methodology for locating and u.J.racterizing

emission sources of gases and vapors was unchanged from Phc.se I El]. The
Phase I study showed that most of the emissions on production platforms are
organic hydrocarbons. Emission sources of organic vapors and gases can be
located quickly with an instrument like the Century Systems Organic Vapor
Analyzer (now manufactured by Foxboro). It can be operated in either a
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total hydrocarbon or gas chromatograph mode, and It Is certified for use In
Class 1, Division 1, Groups A, B, C, and D hazardous areas. In the "total
hydrocarbon" mode, It gives a continuous, direct readout of total organic

vapor concentration for area surveys. This feature is particularly useful
for walk-through area surveys in tracking an organic contaminant gas or
vapor cloud back to its source.

Once a contaminant emission source is identified, it Is necessary

to characaterize the source constituents and concentration distribution.
For this purpose, the source gas or vapor sample can be drawn through a
sampling pump and collected in an inert collection bag. The contents of
the collection bag are then analyzed by a gas chromatograph. As discussed
in [1], the emission source. on offshore oil and gas drilling and
production facilities are expected to consist mainly of natural gas end
crude oil vapors. To separatt these constituents, an appropriate column
must be used with the chromatograph.

For flam3-ionization chromatographs, the contents of a source
sample collection bag may be too concentrated and may cause a flameout of
the flame ionization detector. If a flameout does occur, a secondary
diluted sample can be prepared by mixing gas from the source collection bag
with ambient air in another inert bag.

Area sampling for gases and vapors is performed in a similar manner
as source sampling. An inert collection bag is attached to a sampling pump
and a gas sample is collected ir the bag for a period of 10 minutes. Area
samples should be collected at man breathing height, or about 1.68 m, by
mounting the sampling pump and collection bag on a tripod. The contents of
the sample collection bac are analyzed with a gas chromatograph.

Personal sampling for gases and vapo.-s Is usually accomplished by
drawing air samples from the worker's breathing zone through charcoal
sampling tubes for a fixed period of time. Organic vapors present In the
airstream may be adsorbed onto the charcoal. After exposure, the charcoal
tube is returned to the laboratory, and any chemicals present are desorbed
from the charcoal and analyzed to determine a time weighted average
concentration. Unfortunately, it is not possible to use charcoal tubes to
collect many of the gases and vapors (In particular, methane, ethane,
propane and butane) that are known to be present in contaminant emission
sources on offshore oil/gas drilling and production facilities. If the
area sampling results indicate that crew workers are likely to be breathing
air containing significant concentrations of these gases, then another
procedure can be implemented. Short duration (approximately 10 minutes)
samples of the air in a worker's breathing zone (drawn through a pump and
collected in an inert sample collection bag) should then be analyzed by a
gas chromatograph. These personal sample results can then be related to
the results of the source and area gas and vapor sampling activities. If
the GC traces from source and area samples indicate the presence of a
chemical vapor other than methane through butane, then charcoal tubes
should be used for personal sampling.
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The Phase I study thoroughly characterized the gas and vapor
emission saurces on offshore facilities; therefore, it was not intended to
repeat this extensive effort in the Phase ii observation.

11.4 Lguld

11.4.1 Def riti on of Pcterit.±Al HaUzi

Some ha2ardous materials in liquid form have been cnserved on both
drilling rigs arid production platforms. For example, biocices containing
acrolein are used to control the Srowth of micro-organisms in oil field
water systems, and methanol may be used to prevent freezing in fuel gas
lines on production facilities. On drilling rigs, caustic soda (sodium
hydroxide) may be added as a liquid to the arilling fluid. However, the
addition of caustic soda in dry pellet form was observed most frequently by
project team members.

Liquids that come into contact with the skin may present a hazard
as discussed in Appendix 1, Dermatological Effects of Drilling Fluids, in
the Phase I Final Report [1]. Some liquids can produce skin sensitization
and irritation, while others may affect health if absorbed through the
skin. Roughnecks working on the drilling rig floor often come into
contact with the drilling fluid when adding or removing joints of drill
pipe. Whether or not skin contact with the drilling fluid produces a
health hazard depends upon (1) the nature and the amount of chemicals
present in the mud that could produce dermatological effects, (2) the
extent of skin contact (area covered) and (3) the duration of exposure.
For example, a derrickman working in the mud pit area may get drilling
fluid on his hands and arms when he takes samples for periodic measurements
of drilling fluid properties. However, he usually is able to wash the H
fluid from his skin promptly so that the duration of exposure is short.

11.4.2 Exoerimental Methodology

The Phase I test plan called for the characterization of any
occurrence of extensive dermal (skin) exposure to drilling fluids or
potentially hazardous liquids. The characterization should provide
information concerning

o the identity of the liquid in contact with the skin
and possible irritants contained in the liquid.

o the location and approximate area of skin or clothing
in contact with the liquid.

o the duration of contact, and,

o personal hygiene and protective equipment.

i ,•Where possible, documentation should also include photographs.
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ill. IMPLEMENTAriON OF EXPERIMENTAL PLAN

I11.1 Description ot facilities and Ooerations

During the period from April 25 to Vay 2, 1983, touT enyineers from
SwRI and the USCG Project Technical Monitor took part In an observation of
offshore drilling and production operations. The project team visited a
total of seven fixed platform stiuctures and two drilling rigs as shown in
Table III.1. During the seven-day observation a combination of (1) sound
pressure level measurements, (2) noise dosimetry measurements, and (3) dust
and particulate sampling activities were carried out. These activities are
summuarized below.

o SCoatours

Measirements of sound pressure were made and recorded on each
level of every platform and drilling rig listed in Table II.1.
The point-by-point measurements of sound pressure were used to
develop contour maps of sound pressure level over the platform
surface. When possible, sound pressure level values were re-
corded with different pieces of equipment in operation. Also,
sound pressure measurements on Drilling Rig No. 1 were recorded
during both tripping and drilling operations.

o Personal Noise Dosimetry

Table 111.2 summarizes the noise dosimetry measurement activi-
ties of the SwRI project team. Our activities focused on de-
termining the 12-hour noise dosage for platform and rig workers
who worked in proximity to sound producing equipment.

o Particulate Sampling Activities

Table 111.3 summarizes the particulate sampling activities per-
formed during the offshore observation. Air samples from the
breathing zone were collected for three classes of workers, (1)
welders and assistants, (2) roustabouts adding chemicals to the
drilling fluid, and (3) roustabouts performing paint and rust
chipping. For the roustabouts, samples of the particle residue
(rafter samples) were collected for analysis to determine the
presence of trace metals, coating materials, etc.

The detailed results of these activities are presented in the
sections that follow.

111.2 Sound Pressure Levels

During the one week of field testing, SwRI personnel conducted
Sound Pressure Level (SPL) surveys on seven production platforms and two
drilling rigs. This section of the report describes the measurements that
were made and the format for presenting the data. The bulk of the actual
data is presented in Appendix A.
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TABLE III.1. LIST OF OFFSHORE STRUCTURES AND PROJECT ACTIVITIES

Stutr 02rti Project Acti ities

Platfom 1 Oil/gas production Sound pressure oitours
Sales compressor Noi~a dosimetry
Welder's work area Sampling for welding

fumes and particulates

Platform 2 O'il/gas production Sound presisure contours
Noise dosimetry

Platform 3 Oil/gas production Sound pressure contours
Gas lift compressor Noise dosimetry
Welder's (temporary) Sampling for welding

work area fumes and particulates

Platform 4 Oil/gas production Sound pressure contours
Well work-over rig

Platform 5 Oil/gas production Sound pressure contours

Platform 6 Oil/gas production Sound pressure contours
and

Drilling Rig 1 Drilling and Tripping Sound pressure contours
Noise dosimetry
Sampling for drilling

fluid particulates

Platform 7 Oil/gas production Sound pressure contours
and

Drilling Rig 2 Well completion activities Sound pressure contours
Rig maintenance (chipping Noise dosimetry

paint and rust, spray Sampling for rust and
painting) paint particulates
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TABLE 111.2. SUMMARY OF NOISE DOSIMETRY ACTIVITIES

Exposure
Cumulative

Noise Logging

Job Title & Activity de(A) Hours

Roustabout Rig No. 2 Chipping paint, rust and
spray painting 106.7 11.5

Roustabout Rig No. 2 Chipping paint, rust and
spray painting 102.6 11.4

Driller Rig No. 1 Operating controls at
driller's console during
tripping 91.4 11.8

Driller Rig No. 1 -Operating controls at
driller's console during
drilling 90.8 12.0

Derrickman Rig No. 1 Racking stands of drillpipe
in derrick during tripping 85.9 12.0

Derrickman Rig No. 1 Test drilling fluid, add
chemicals to drilling fluid,
service the mud pumps 95.4 11.8

Roustabout Rig No. 1 Add chemicals to drilling
fluid 91.6 5.5

Roustabout Rig No. 1 Add chemicals to drilling
fluid 90.2 1.5

Assistant Platform I Collect operation data on
Operator gas compressor. Perform

routine maintenance and
assistance 88.9 12.0

Roustabout Platform i Collect operation data on
turbine maintenance and
assistance 88.2 12.0

Welder Platform 1 Welding and grinding 90.3 10.7

Electrician Platforms Maintenance and repair 84.7 11.0
1 and 2

Welder Platforms Job setup, welding and
1 and 3 grinding 85.1 12.0

Welder's Platforms Job setup, welding and
Assistant 1 and 3 grinding 87.3 12.0
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To measure the SPLfs, SwRI used the GENRAD Type 1, Precision Sound
Level Meters described in Section 11.1.2. In accordance with NVC 12-82 and
applicable ANSI procedures, these instruments were calibrated at the begin-
ning and end of each day. In addition, they were periodically checked dur-
ing the day to ensure that they were in calibration.

Where possible, SwRI utilized platform drawings provided by the
participating company. SPL measurements were indicated on the drawings and
operating conditions were documented. One person collected SPL data while
a second individual recorded the discrete points, drew in contours, and
documented the operating conditions. Development of the contours was fa-
cilitated by moving the SPL meter along an isobar between two discrete
points. This procedure enabled a two-man team to rapidly characterize the
SPL contours on a platform. In a few cases, engineering drawings were not
available or they were not current. In these cases. SwRI personnel made a
sketch of the facility for recording data.

Figure III.1 is an example of the data presented in Appendix A.
The bold contours broken by numbers are the SPL's during "normal" opera-
tions. Normal here indicates the conditions most likely to be present.
The broken lines with numbers show the shift in SPL's due to a change in
operating conditions. There is also a cross hatched area enclosing an
asterisk. This represents an area of SPL's which were compared to noise
dosimetry data. More detail on this comparison can be found in Section
IV.1.3. Finally, there are triangles with enclosed numbers, which indicate
the points where octave band analyses were conducted.

An octave band analysis is generally performed to characterize a
noise source. The procedure involves using a bandpass filter to pass a
selected frequency within an octave band. The center frequencies for
octave bands considered are: 31.5, 63, 125, 250, 500, 1000, 2000, 4000,
8000, and 16,000 Hz. Note that a doubling of the frequency occurs for each
octave step. SwRI personnel collected octave band data on selected noise
sources as indicated in Tables 111.4 and 111.5. The tables provide a sum-
mary of C-weighted (flat) SPL's by octave band. They also indicate the
overall SPL resulting from the combination of octave band levels. Two
values of overall SPL are reported. The "Flat" overall level is based on
C-weighting, and the dB(A) level is based on A-weighting.

The manner in which the decibel is defined requires the use of a
special formula to calculate the overall SPL's. For C-weighting, the re-
sultant SPL is calculated from:

101
SN SPL(I)/ 10

K 
SPLRES=i0LOIO Z010

where

SPL(I) is the sound pressure level in the I-th octave band, and
SPLRES is the resultant sound pressure level.
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TABLE 111.4. OCTAVE BAND ANALYSIS OF SELECTIVE SOURCES

Ax A2 A A A
Platform: No.1 No.1 No.1 No.1 No.1

Generator Compressor
Area: Manifold Room Room Air Intake Fan

Dwg. No.: A.1 A.2 A.1 A.3 A.5

Date: 4-26-83 4-26-83 4-26-83 4-26-83 4-26-83
Time: 6:46 AM 7:37 AM 9:18 AM 12:22 PM 12:25 PM

RESULTANT SOUND PRESSURE LEVELS

Flat: 90 105 107 105 104

dB(A): 85 103 !05 105 97

OCTAVE BAND SOUND LEVELS (FLAT)

Octave Band
Center Freq.

31.5 77 92 82 88 90

63 76 86 86 91 95

125 78 91 97 92 100

250 77 95 98 92 96

500 76 96 96 94 92

1-K 74 94 94 92 90

2-K 80 92 90 93 86

4-K P' 94 91 89 82

8r.97 102 104 94 I[
16-K 71 98 84-92 92 78

NOTES 1. Draw number refers to corresponding figure in Appendix A.
2. FlaL jiesignates C-weighting
3. dB(A) designates A-weighting
4. L - Location of octave band analysis in indicated drawing

number
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TABLE 111.5. OCTAVE BAND ANALYSIS OF SELECTIVE SOURCES

4 L A A
Platform: No.2 No.2 No.2 No.2 No.4

Area: Well Deck Air Intake Exhaust No.2 Deck Exhaust

Dwg. No.: A.5 A,5 A.5 A.7 A.1O

Date: 4-25-83 4-25-83 4-25-83 4-25-83 4-26-83
Time: 6:25 PM 6:54 PM 6:57 PM 7:20 PM 4:30 PM

RESULTANT SOUND PRESSURE LEVELS

Flat: 85 105 97 90 109

dB(A): 81 102 94 91 107

OCTAVE BAND SOUND LEVELS (FLAT)

Octave Band

Center Freq.

31.5 72 88 80 63 86

63 72 90 82 68 99

125 75 90 86 70 99

250 78 94 91 70 104

500 80 93 88 72 102

1-K 77 94 86 71 101

2-K 72 88 87 71 100

4-K 66 83 85 87 101

8-K 72 95 90 84 89

16-K 64 89 82 75 72

NOTE: Drawing number refers to corresponCing figures in Appendix A.
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To determine the A-weighted overall SPL, the octave band measurements must
be adjusted to their A-weighted values before insertirg into Equation (5).
The A-weighting values given in NVC 12-82 for Octave Bands 31.5 to 8000 Hz
are:

Freeuency (Hz) 31.5 63 125 250 500 1000 2000 4000 8000
A-weighting (dB) -39 -26 -16 -8 -3 0 +1 +1 -3.

In accordance with NVC 12-82, the SPL measurements were read to the nearest
decibel. The SPL meter automatically calculated both the C-weighted and A-
weighted overall levels. Since this process utilizes more precision than
the recorded octave band levels, it is not generally possible to calculate
the precisely same overall value from the recorded data. Additionally, the
octave band analysis is recorded over a period of time during which levels
may vary.

SwRI personnel also documented the noise environment on several
field boats and helicopters. The SPL in the cabins of field boats gener-
ally varied from 75 dB(A) to 83 dB(A). The level outside the cabin often
was much higher# although it varied considerably. Official company policy
required personnel to remain in the cabin during transit. However, workers
often remained on the deck. The occasional helicopter rides produced SPL's
of 87 to 95 dB(A) in the passenger compartment.

Measurements of sound pressure levels on the helipads
during helicopter take-off and landing were not possible due to company
policies on personal safety. Measurements made on the stairways to the
pads were not representative of actual take-off and landing levels due to
the proximity of other noise sources, reverberation and excessive wind
noise across the microphones caused by blade-induced air turbulence. These
sound levels were not, however, considered essential due to their very
short and infrequent nature and the companies' policy prohibiting personnel
on the pads.

111.3 Noise Dosimetry

Noise dosimetry data collected offshore is discussed in this sec-
tion. The data was collected using Metrosonic dB-301 Dosimeters programmed
for an 80 dB(A) cutoff and a S dB exchange rate. During sampling, the
microphones from these units were attached to the workers collar, as close
to the ear as possible. The worker was observed throughout the workdays

and a time-motion record of his/her activities was compiled. The data
obtained during this phase of the testing is presented in three formats to
facilitate analysis. The formats include histograms, cumulative effective
exposures and cumulative dose.

The histograms presented illustrate the variation of exposures en-
countered during a particular workday. In conjunction with time-motion
studies, exposures can be correlated to specific work activities throughout
the day. The time-motion study was reviewed to determine the associated
job activity. This information can be obtained using the legend accompa-
nying each histogram.
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Cumulative effective exposures, Leff# were calculated and plotted
as a function of time. This calculation is based on a permissible 8-hour
exposure of 90 dB(A), a 5 dB exchange rate, and an 80 dB(A) cutoff using
the following relationship.

L eff(i) 16.61 LOG 1 10 LA /16.61 Lt (6)

I •tlmitY

where
L = SPL measured during the i-th sample interval
A i

Lti = exposure duration during i-th interval

1 = time period of interest

A plot of the permissible exposure as a function of time was superimposed
on the cumulative effective exposure graphs. The permissible exposure
function is described by

LOG (BIT)

SPLPER(i) = 5 + 90 (7)
LOG 2

where
T a exposure time calculated from

m

T = A ti

1=1

A maximum SPLPER of 115 db(A) was applied based on USO( NVC 12-82.
Assuming no hearing protection, the permissible exposure was exceeded if
the two curves cross. The 12-hour and 24-hour effective exosures were
calculated and are included in each figure. The permissible Leff(12) is
87 dB(A), and the permissible Leff( 2 4 ) is 82 dB(A).

Finally, the data were presented as a cumulative dose versus SPL.
By definition, the permissible dose equals 100% as indicated on each
figure. The plots indicate the percentage of the permissible dose due to
exposures to SPL's less than or equal to the indicated SPL.

Details regarding interpretation of the dosimetry data is presented
in Section IV.1.

Figure 111.2 is a record of the SPL's measured on one of the SwRI t

team. These data were ccllected on the first day offshore as the SwRl team
toured the field. Table 111.6 identifies the activities corresponding to
the legend on the top margin of Figure 111.2.
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TABLE 111.6. SPL TIME-HISTORY ON SwRI PERSONNEL

.Interval Activity

A Inside crewboat traveling to field
B Touring Platform 1
C Touring Platform 2
D Touring Platform 3
E Touring Platform 4
F Touring Drilling Rig (Jack-up)
G Fieldboat to Platform 2

Figure 111.3 depicts the cumulative effective exposure based on the
data from Figure 111.2. This figure was not adjusted to account for hear-
Ing protection, which was worn in high noise areas. The figure indicates
that the permissible cumulative exposure was exceeded at approximately
7.5 hours into the survey assuming that no hearing protection was used
to attenuate sound pressure levels.

Figure 111.4 shows the cumulative dose using the same time-history

data. This plot also reveals that the permissible level was exceeded as-
suming no hearing protection. The peak indicates that this individual was
exposed to approximately 146% of the allowable dose.

Figures 111.2, 111.3, and 111.4 serve as examples of the dosimetry
data collected offshore. A total of 16 dosimetry records were obtained
during the offshore observations. Table 111.7 is a summary of the dosi-
metry data collected. In all cases except ND 10 and ND 11, the sample
duration was between 10.7 and 12 hours, and the range of dosages varied
from 69% to 1450% of the permissible dose. In eleven cases the received
dose was greater than or equal to the permissible limit. The data col-
lected on these 16 dosimetry observations is presented in Appendix B.

111.4. Dosimetry for Airborne Contaminants

Table 111.3 In Section Il1.1 lists the airborne dust and particu-
late samples collected during the offshore observation. In addition to
these samples collected on cassette filters, six bulk or rafter samples
were gathered. These samples were analyzed qualitatively by X-ray floures-
ence (XRF) for elemental composition. The results of the XRF scans are
presented in Table 111.8.

The elemental XRF analyses for bulk sample S-4 indicated a large
fraction of Fe (rust) and only small or trace amounts of other metals.
Therefore, the following personal monitoring samples for rust and paint
chipping that correspond to rafter sample S-4 were anulyzed gravimetrically
for total nuisance particulate. The results of these analyses for Samples
M29 through M36 are shown at the top of Page 45.
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TABLE 111.7. DOSIMETRY DATA COLLECTED OFFSHORE

Time When
Dosimetry Job or Sample Exceeded Hearing Max Leff(1 2 ) Leff( 2 4 )
ID Number -Title Duration Allowable Protection Dose dB(A) de(A)

ND I SwRI 10.7 hrs 7.5 Hrs Y 146% 89.85 84.85

ND 2 USCG 10.7 hrs 7.5 hrs Y 134% 89.40 84.40

ND 3 Day 12 hrs 8.3 hrs Y 121% 88.84 83.84
Pumper

ND 4 Day Rou- 12 hrs 8.3 hrs Y 110% 88.18 83.18
stabout

ND 5 Welder 10.7 hrs 10.5 hrs N 103% 87.35 82.35

ND 6 Driller 11.8 hrs 8.3 hrs N 176% 91.36 86.36

ND 7 Derrick 12 hrs *N 78% 85.85 80.85
Man

ND 8 Driller 12 hrs 8 hrs N 167% 90.78 85.78

ND 9 Derrick 11.8 hrs 3.7 hrs N 318% 95.42 90.42
Man

ND 10 Roust- 5.5 hrs * N 86% 85.97 80.97
about

ND 11 Roust- 1.5 hrs * N 19% 75.20 70.20
about

ND 12 Electri- 11 hrs * Y 58% 84.05 79.05
clan

ND 13 Roust- 11.5 hrs .8 hrs Y 1450% 106.31 101.31
about

ND 14 Roust- 11.4 hrs 1.5 hrs Y 820% 102.21 97.21
about

ND 15 Welder's 12 hrs 12 hrs N 100% 87.28 82.28
Assistant

ND 16 Welder 12 hris N 69% 85.10 80.10 4

*Allowable level was not exceeded during the sample.
Y = Hearing protection worn in designated areas.
N No hearing protection was worn during the day. . i
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TABLE 111.8. RELATIVE ELEMENTAL COMPOSITION OF BULK SAMPLES

(Parts Per 10 Parts Total Detected Elements)
Method: X-Ray Fluorescence

Bulk Sample Identification

Al 0.5 0.2 - t* -Si 0.2 5 t t - 1S 9 0.1 t 0.5 4.5 0.5Cl - t 1 - _ 0.5K - " - 8 - tCa 0.1 0.4 t t 0.5 1TI O.i 0.1 0.5 t - 1.5Cr _ -1 4.5Mn - 0.1 t ** * tFe 0.1 4 8 0.5 0.5 3Zn - - 0.5 - 1.5Pb - - 1Ta - t - -Sr - t t t - t

St = trace
** Mn not detectable due to strength of Cr line

_ S-2 = Mud Chemical
S-3 = Mud Chemical
5-4 = Rust and Paint Chipping Debris (fine)
5-5 = Mud Chemical
S-6 =Mud Chemical
S-7 = Rust and Paint Chipping Debris (rough)
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Sample Number Q(Lpm) t(min) W (Wg) C(mg/m3

M79 1.662 100 300 1.80
M32 1.662 100 490 2.95
M28 1.662 99 678 4.12
M30 1.686 100 515 3.05
M31 1.686 100 520 3.08
M36 1.686 39 199 3.02

These measured concentrations are less than the TLV-TWA of 10 mg/m3

for total nuisance particulate. The measured contaminant weights reflect
filter conditioning to prescribed temperature and relative humidity prior
to and following sample collection.

Bulk samples S-7 corresponds to rust and paint chipping personal
sample numbers M27, M34, M35, M37, M38 and M40. The indication of lead in
the bulk sample, possibly from a paint primer, eliminated a gravimetric
analysis for these occupational exposure samples. These samples were
quantitatively analyzed by atomic absorption for Pb, Zn, Fe and Cr. Lead
is of primary concern. The latter three elements were included to verify
the XRF scans. The absence of Cr in both paint chipping bulk samples
suggests that non-chromated paints were used. The analysis results for
these six samples are summarized below. In all cases, the filter blank
did not contain any of the four metals above the detection limit.

II

Weight of Analyte (PO)

N V(L) fe Zn b Cr

M-27 169.2 180 14 <4.5 <6
M-34 171.0 60 30 <4.5 <6
M-35 176.0 8 13 <4.5 <6
M-37 116.3 17 3.8 <4.5 <6
M-38 169.2 98 10 <4.5 <6
M-40 171.0 10 39 <4.5 <6

Airborne Concentration (mg/r 3)

Sample No. FeO 3  ZnO Pb Cr

M-27 1.5 0.10 <0.026 <0.035
M-34 0.5 0.22 <0.026 <0.03-'
M-35 0.03 0.92 <0.026 <0.034
M-37 0.02 0.41 <0.039 <0.0S2
M-38 0.83 0.07 <0.026 <0.035
M-40 0.08 0.28 <0.026 <0.035

45



The concentration of iron oxide was calculated by multiplying the iron
concentration by the ratio of the molecular weight of the oxide to the
molecular weight of bivalent iron. An analogous calculation was used to
obtain the concentration of zinc oxide. In the case of lead and total
chrome, concentrations were calculated at the detection limit.

Sample numbers MIOI through M103 and M126 through M129 were col-
lected during welding and grinding. All filters were scanned using XRF,
and Fe, Mn and Zn were identified. The American Welding Society publicati-
on, Fumes and Gases in the Welding Env•ronment (publication number
FWG, 1979), indicates that Fe and Mn are the dominant fume components for
the E7018 and E6010 welding electrodes that were used on the platform. All
three elements were quantified by XRF (NIOSH P&CAM 345) without removing
the filters from the cassettes. The elemental concentrations of Fe and Zn
were converted to Fe 2 03 and ZnO equivalents for later comparison with the
appropriate TLY. The concentration of elemental Mn fume was also calcu-
lated. Fume concentrations under the welder's helmet are summarized below.

Concentration (m02r3 )

Sample Number Mn Fe20 ZnO

MIOI 0.046 0.643 <0.025
M102 0.028 0.249 0.170
M103 <0.015 0.070 <0.018

M126 <0.019 0.120 <0.024
M127 <0.024 0.093 <0.030
M128 0.018 0.035 0.030
M129 <0.023 0.142 0.124

The X,- detectioii limit is 3P9 for each element. For elements not
detected, concentrations were calculated at the detection limilt.

The last series of personal samples were collected during addition
of dry chemicals ti, the drilling fluid. Sample numbers P1 through P4 were
set up to collect respiroble dust samples on PVC filters, i.e. the method
for nuisance dusts. The results ')f gravimetric analysis of these samples
is summarized below; concentrations are reported as respirable nuisance
dust. All of these values are l.--,s than the TLV-TWA value of 5 mg/mi3

for respirable nuisance particu1,'e even without calculating an 8-hour time
weighted average concentration.

Sample Number Q(Lpm) t(min) W c(0g) C(mg/m3

PI 1.381 119 71 0.43
P2 1.381 113 39 0.25
P3 1.381 40 27 0.49
P4 1.381 94 76 0.58
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All gravimetric analyses include filter dessication before tare weighing
and final weighing.

Material Safety Data Sheets were obtained from the manufacturer of
the dry chemicals corresponding to bulk samples S-2, S-3, S-S and S-6.
Decisions regarding the type of analysis for samples MI through M4 and M107
through M.10 were guided in part by those MSDS sheets. Sample numbers M1l
M2, M3, and M4 represent personal total dust exposure during addition of
dry, bagged chemicals to the drilling fluid. The samples were collected on
0.8 mixed esters of cellulose (MEC) filters. X-ray fluorescence scans of
the bulk materials indicated the presence of chrome In two of the four dry
chemicals that were handled, but the valency of the chrome is not indicated
by X-ray. The filter media was appropriate for sampling and analysis of
certain chrome compounds (NIOSH P&CAM S323 and 5352) but not for chrome VI
which uses a PVC filter (NIOSH P&CAM 319). The Material Safety Data Sheets
for one of the two chrome-bearing chemicals indicated the presence ot water
soluble chrome VI (sodium dichromate). Given the potential for chrome VI
on the MEC filters, the following analysis procedure was devised in
consultation with an AIHA accredited laboratory.

"o Water extract filters to remove soluble dichromates
(chrome VI) and soluble chrome II and III.

"o Conduct two analyses on the water extract.

"o AAS for total soluble chrome.

"a Colorimetric analysis for soluble chrome
VI per P&CAM 319.

"o Calculate by difference the amount of soluble
chrome II and III.

"o Analyze by AAS the insoluble fraction (residue
of extract) for total insoluble chrome II and
III per P&CAM4 S323.

This procedure was selected to maximize the information from the samples;
the limitations of the procedure are recognized. The results of the
analysis are summarized below.

Insoluble
Total Soluble Total Soluble Chrome, Sample Sample

SampleNo Cr V ig) hro*mg, (14) 7,T1,JP) Vol WU TIme(min)

M1 <0.5 <8.0 <3.0 180 123
M2 <0.5 <8.0 <3.0 164 112
M3 <0.S <8.0 <3.0 60 41
M4 <0.5 <8.0 <3.0 138 94
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A blank filter was submitted for analysis and produced the same results.
Chrome in any form was not detected aoove the indicated detection limits.
Soluble chrome II and III is at most of the order of 7.5ýg. Concentra-
tions were calculated at the detection limit and are summarized below.

Total Soluble Total Soluble Insoluble
Chrome VI Chrome (II1 II,VI) Chrome I,III•SampIleJJ No (M'mg.3)_ _(Mal) ( maiffr'

MI <0.003 <0.044 <0.017
M2 <0.003 <0.049 <0.018
M3 <0.008 <0.133 <0.05
M4 <0.004 <0.058 <0.022

These results indicate that al exposures were less than 0.05 mg/m 3 for
soluble chrome VI and 0.5 mg/m• for soluble or insoluble chrome II and III.

Table 111.3 indicates that four area samples (Mi1O? through M110)
were collected during addition of dry, bagged chemicals to the drilling
fluid. Analysis of these four samples was not justified because

"o physical constraints and air current patterns around the mud
makeup hopper were not conducive to collecting a representa-
tive airborne sample, and

"o the results of the personal exposure samples were extremely
low.
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IV. INTERPRETATION OF RESULTS

IV.1. Sound Pressure Levels and Dosimejr

IV.1.1 Measured Sound Levels

In this section, the results of the SPL surveys have been inter-
preted relative to NVC 12-82 guidelines. NVC 12-82 makes recommendations
regarding both cumulative exposures and peak exposures. The document rec-
ommends that current "vessels should ensure an Leff( 2 4 ) less than or equal
to 82 dB(A). It further recommends that non-impulse noise levels over 115
dB(A) and Impulse noise levels over 140 dB(A) be avoided. The circular
further recommends that exposures between 105 dB(A) and 115 dB(A) be comr-
prised of intermittent exposures "such that each exposure duration is one-
seventh of the total allowable exposure at that noise level" [NVC 12-82].
Finally, it is recommended that pe'rsonnel wear hearing protective devices
in area with levels over 85 dB(A).

The Coast Guard and the International Maritime Organization (IMO)
recognize the problems associated with reducing noise levels on relatively
small vessels and facilities. For this reason, a noise standard published
by IMO in November 1981 is applicable only to vessels over 1600 tons.
Since NVC 12-82 represents the USOG's implementation of the IMO code, it,
too, is aimed at ocean-going vessels over 1600 tons. The tight conditions
on smaller vessels lead to a great deal of structure-borne noise which may
be excessively costly to adequately attenuate using engineerinj controls.
Therefo,'e, the circular suggests that both engineering and adm!nistratlve
controls be implemented to ensure that the exposure criteria are met.

A review of the SPL contours developed during the field study in-
dicates that a majority of the noise levels generally ranged from the 70's
to approximately 100 dB(A), although levels were detected as high as 117
dB(A) and as low as 41 dB(A). The results of the survey can be readily
compared to NVC 12-82 by considering two ranges of SPL's. Levels below 85
dB(A) do not require action according to NVC 12-82. NVC 12-82 considers 85
dBV(A) an action level. Warning notices are recommended in areas exceeding
85 dB(A). Further, it recommends that

"Unless the Leff( 2 4 ) computed or measured for a crewmember
accounts for and allows such an exposure, crewmembers
should be required to wear hearing protective devices
whenever entering spaces with noise levels greater than
85 dB(A)." [NVC 12-823

The distribution of SPL's as shown on the contour plots In Appendix
A indicates that entire portions of each offshore facility can be identi-
fied as normally falling above or below the 85 dB(A) action level. If
company policies require hearing protection in all areas where the SPL ex-
ceeds 85 dB(A), the costs associated with computing or measuring a specific
employee's exposure will be minimized. Alternatively, companies could
consider requiring ear protection everywhere outside of the crew quarters.
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An exception occurs if the worker engages in an activity which produces a
high SPL. Chipping paint with a needle gun is a prime example of this
situation. The work may be performed
in an area with a normal SPL contour of 70 or 80 dB(A), well below the
action level. However, the activity may produce SPLs at the worker's ear
level in excess of 110 dB(A).

IV.1.2 Noise Dosimetry

SwRI has Interpreted the results of the noise dosimetry records
based on the recommendations outlined in USCG NVC 12-82 [7j. This is a
general interpretation of the recorded levels. No attempt was made to de-
termine the actual exposure received by an individual. The decision to
avoid assessing a specific exposure was based on several Items. First, in
most cases, it was impossible to determine the NRR (Noise Reduction Rating)
of protective plugs or muffs. Generally, no model number or NRR could be
located on the devices. In addition, the adequacy of the fit was not
known. Therefore, SwRI has made no attempt to determine compliance levels.
The records in Appendix B Indicate the exposures received if no hearing
protection is used.

Figure IV.1 shows the cumulative effective exposure during the
course of sampling on a roustabout. During the sample period, the worker
was primarily involved in chipping paint with an air-driven needle gun.
The Leff( 2 4 ) for an unprotected worker was calculated to be 101.31 dB(A),
presenting 1450% of the permissible exposure. The level of exceedance is
based on a calculation of tiiq permissible dose using an extension of the
procedures given in NVC 12-82.

The permissible dose was defined as the length of time that an in-
dividual may be exposed to a particular SPL. For example, an exposure of
90 db(A) for 480 minutes is 100% of the permissible. Likewise, an exposure
of 90 db(A) for 240 minutes is 50% of the allowable level. For non-impulse
noise, NVC 12-82 indicates the range of SPL's which should be considered is
80 dB(A) to 115 dB(A). For each level in this range, SwRI calculated the
length of time required to reach 100% of the permissible exposure. The
actual length of time that the individual was exposed to a particular SPL
was determined from the noise dosimnetry record. The ratio of the actual
time to permissible time represents the dose at a given SPL. Finally, the
cumulative dose may be calculated by summing over the range 80 to 115
dB(A). The function is shown as

115
t A(SPL)

% Cumulative Dose A ( X 100 (8)St PL
SPL=80 p(SPL)

where tA(SPL time the worker was exposed to a specified SPL

Stp(sPL) time to reach maximum permissible level when exposed
tpSP) to a given SPL. This assumes no other levels are

present.
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FIGURE IV.1. CUMULATIVE EFFECTIVE EXPOSURE ON' ROUSTABOUT
(Identification Number N013)
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The result of this procedure may be plotted as shown in Figure
IV.2(a). This type of plot appears to be particularly useful in assessing
the severity of an overexposure and in estimating the effects of Implemen-

ting a program to reduce exposures. For example, it is relatively simple
to estimate the reduction in the overall dose due to applying an attenua-
tion to all exposures greater than some action level. Figure IV.2(b) and
(c) show two examples of attenuating levels greater than or equal to 85
dB(A). Note that 85 dB(A) was chosen as the action level based on NVC 12-
82. Figure IV.2(b) shows the result of applying 10 dB(A) attenuation.
Figure IV.2(c) Is the result of applying 20 dB(A). For 10 dB(A) attenua-
tion, the original 90 dB(A) exposure durations were added to the 80 dB(A)
exposures. The contribution to the overall dose was calculated by dividing
the new sum by the permissible duration at 80 dB(A). The same procedure
was followed for all levels >90 dB(A). Note that 85 through 89 dB(A) can
be ignored because 10 dB(A) attenuation reduces them below the 80 dB(A)
cutoff recommended by NYC 12-82. The same type of process was used to
apply 20 dB attenuation In Figure IV.2.(c). This analysis indicates that
at least 20 dB attenuation was required to reduce the worker's exposure to
a level below the permissible exposure.

SwRI personnel did not attempt to evaluate the noise reduction
provided by the various hearing protective devices used by offshore person-
nel. In this study, it was our intention to evaluate the noise environ-
ment, not the personal devices used to attenuate the SPL. Therefore, we
only noted that personnel did or did not use some form of protection.
Devices observed in use included cotton balls, fitted plugs, foam plugs,
and earmuffs.

The Occupational Safety and Health Administration (OSHA) issued an
amendment to its noise standard (29CFR1910.95) [8] on March 8, 1983. This
new amendment emphasizes the use of noise dosimetry to determine worker
exposure. The National Institute of Occupational Safety and Health (NIOSH)
has established practices for determining compliance [8]. The procedure Is
based on the calculation of an overall dose. The maximum dose shown in
Figure IV.2(a)(b)(c) and similar figures in Appendix 5 represents this
overall dose. Noise exposures are then classified by dose as shown in Table
IV.1 [8]. The second column on Table IV,1 indicates the number of SwRI
dosimetry samples which reuslted in a dose within the indicated range.
Based on these data, it appears that a hearing conservation program is re-
quired for offshore workers.

!V.1.3 gomparisott of SPL and Dosimetry

As previously described, SwRI utilized precision sound pressure
level (SPL) meters arid personal dosimeters to measure potential noise
exposures. In several cases, both techniques were used concurrently. In
other cases, it was possible to identify locations that were sampled using
both types of instruments at different points in time. Documentation
accompanying the dosimetry records was reviewed and several cases which may
be compared to the SPL survey data were identified.
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TABLE IV.1. CLASSIFICATION OF NOISE EXPOSURES

Number of

Dosimeter SwRI SamplesReading + In Indicated OSHA Complianc$ Potential Regulatory

M. . Ranae Classification Action

0-38% 1* Compliance documented No action taken unless
other portions of noise
standard are exceeded.

38-64% Possible exposure Further sampling reconm-
above action 'evel mended, hearing conser-
(50%). vation program optional.

64-75% 1 Exposure above Agency may cite for

action level failure to Implenent

documented. hearing conservation
program.

75-131% 6 Possible exposure Further sampling recom-
above 90 dB(A) mended, engineering con-
standard (100%). trols optional, hearing

conservation program
required.

132% or 7 Noncompliance Citation probable, engi-
above documented. neering controls re-

Program required. quired if feasible,
hearing conservation. 7

*Sample d~iration was 1.5 hours

+Extracted from Reference [8)

Note: Dosimeter reading equals percent permissible dose. This Is
indicated as "Cumulative Dose" on Figures IV.2(a), (b), (c), and
similar figures in Appendix A.
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The criteria that were used in selecting items for comparison In-
cluded location, duration, and activity. The location Is important be-
cause it determines what value on the SPL survey should be used in the com-
parison. The resolution required In defining this location is dependent on
the spatial variation of SPL in the area. For example, if a worker Is
standing near a noise source (i.e. generator, crane, etc.), the SPL will
decay rapidly with distance. Therefore, it is important to know if he was
two feet from, the source or five feet from the source. Alternatively, an
entire deck may have a nearly constant SPL. in this case, it is only
necessary to know the worker was on the deck.

Duration is importatit due to the sampling procedure used in the
noise dosimeters. These units record 480 intervals. The duration of these
intervals is programmable. During this observation, all units sampled for
two minutes before storing a value. The SPL meters provide essentially a
real-time representation of the SPL field. Truly valid comparisons between
the two instruments can only be made if the source remained constant during
an entire 2-minute sampling Interval. This requirement implies both a con-
stant worker location and a constant activity during the sample.

Activity is used to denote a job function or operating condition.
Job functions might include welding, paint-chipping, or any other work.
Operating conditions Include tripping a string, crane operation, or any
other condition which might affect the SPL environment. It is impossible
to compare the dosimetry levels recorded on an individual using a needle
gun in a specific location of the platform to the SPL's recorded at that
location when no paint-chipping was being conducted.

Several of the cases that were identified for comparison have been
included in this section. Table IV.2 provides a cross refArence between
figures depicting SPL survey and dosimeter results. It also provides a
brief description of the worker's activity. Several entries are described
in greater detail in the remainder of this section.

Item No. I is a very important comparison. In this particular
case, the SPL survey was conducted while a driller was wearing a noise
dosimeter. In the documentation for this dosimetry sample, the SPL levels
detected over a period of approximately 15 minutes were also recorded. As
shown in Table IV.2 the levels recorded by both methods were very close.
Unfortunateiy, the range of levels makes it very difficult to estimate po-
tential exposures based on the 15-minute sampling. This is characteristic
of locations where changing activities produce a wide range of SPL's. The
SPL recorded near the driller varied almost constantly during the 15
minutes that the SPLI's could be correlated to documented activities.
Application of the brakes resulted in short duration excursions as high as
107 dB(A) at the drIller's var. A. levpl of 84 dB(A) was produced when
either the drawwor!s motor or the rotary table were in operation.
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This observation indicates that, when SPL meters are used, an ac-
curate assessment of potential exposures to levels exceeding NVC 12-82 re-
quires measurements for every operating condition and an estimate of the
duration of each condition during an Individual's shift. For repetitive
activities such as tripping a string, it may be possible to describe a duty
cycle at a specific location. This requires that SPL measurements be cor-
related to activities and operating conditions over a period of the cycle.
The potential exposure can then be estimated based on the number of cycles
which occur during the worker's shift. Figure IV.3 illustrates the time-
varying nature oF the SPL at the driller's position. The record does ap-
pear tc be somewhat cyclic. However, it is not obvious what period would
be appropriate for measurement. Figure IV.4 shows the area of the platform
where comparative samples were gathered. The SPL sur'ey documentation in-
dicates that the noise level varied from 87 to 100 dB(A) near the driller
depending on the activity. However, the existence and details of any
cyclic pattern were not determined. In this type of situation, it appears
that dosimetry is the most accurate, cost effective means of interpreting
exposures relative to NVC 12-82.

Item No. 2 is a good example of a relatively constant dosimetry
measurement that disagrees with the SPL survey due to different equipment
operating conditions. Figure IV.5 shows the noise dosimetry records. The
roustabout was in the area indicated on Figure IV.6 during intervals A,B,C
and E. in this case, the SPL survey was conducted during a shift when much
of the equipment in the area was not operating. During the dosimetry
observation, mud pumps and other pieces of equipment were operating. The
consistency of the levels recorded by the dosimeter indicates that simply
surveying the area during similar operating conditions would probably have
been sufficient to estimate potential exposures. However, it also shows
that it is not acceptable to assume that SPL's measured at one time are
valid during all operations.

The remaining items in Table IV.2 refer to SPL survey figures in
Appendix A and noise dosimetry figures in Appendix B. For the SPL con-
tours, the area of interest is identified by the symbol or label Indicated
in Table IV.2. The span of time during which the noise dosimetry was con-
ducted in the same area is designated by the intervals at the top of each
dosimetry plot. In Table IV.2, the range of sound levels indicated for SPL
and noise dosimetry are estimates based on documentation. As discussed
previously, spatial and temporal resolution affect the accuracy of these
comparisons. Items 9, 10, and 13 show discrepancies between the SPL survey
and the dosimetry records although the facility was believed to be opera-
ting under the same conditions. The differences are b3lieved to be due to
conversations, televisions, radios, and other miscellaneous sources. The
contribution of these sources were not documented. However, the dosimetry
samples generally occurred during lunch, coffee break, and at shift changes
when a relatively large number of people were present, The SPL surveys
were conducted at times when a small number of people were present. This
ensured that measurements were representative of the SPL's due to platform
operations.
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IV.2 Airborne Contaminants

Sample Nos. M29, M32, M28, M30, M31 and M36 were collected sequen-
tially on one worker who was performing rust and paint chipping. Based on
XRF scans of the chipping debris, it was concluded that the airborne sub-
stance could be classed as a total nuisance particulate. Accordingly, the
samples were analyzed gravimetrically. All individual sample concentra-
tions were less than half of the ACGIH total nuisance particulate TLV-TWA
of 10 mg/rn3 . The time-weighted average exposure during the 538-minuta
chipping operation was calculated to be 3.0 mg/m 3 . The individ~ial sample
concentrations represent integrated levels over the sampling durations.
Significant excursions above these levels would not be expected because the
chipping operation was conducted nearly continuously without interruption.
These measured dust levels for this scenario suggest that the respiratory
comfort of the paint chipper may have benefited from the use of a dispos-
able nuisance dust respirator.

Sample Nos. M27, M38, M34, M35, M40 and M37 were collected on a
second individual who was also performing rust and paint chipping opera-
tions but in another area of the platform. The possible presence of lead
in the chipping debris as determined by qualitative XRF scans of tie debris
indicated that an elemental analysis, not a nuisance dust approach, was in
order. The analysis revealed that lead levels were below the detection
limit. At the dete ion limit, lead concentrations were well below the
TLV-TWA of 0.15 mg/m. The absence of chrome in the bulk samples was sub-
stantiated by quantitati'e analysis of the filter deposits. Hence, the
zinc was not chromated but most probably was present as an oxide for
pigmentation. Concenrations of ZnO were well below their total nuisance
dust limit of 10 mg/V. In the final analysis. this set of samples could
also have been analyzed gravimetrically for nuisance dust. However, this
scenario demonstrates an important point. Analysis of samples must be
guided by a thorough knowledge of the history of the materials that are
involved in an operation. Lead and chromated paints may have been used at
some point in time on this portion of the platform. In the absence of this
historical knowleCge, the conservative approach is to make analysis proce-
dure decisions based on a qualitative evaluation of the paint debris.

The welding fume samples MI01 through M103 and M126 through M129
were collected in accordance with AWSF1.1-76. ThAse samples reflect con-
centrations under the hood when welding was in progress and in the breath-
ing zone when the welding helmet was raised for weld inspection. Based on
the electrode classificdtions and the base material (uncoated mild steel),
x-ray fluorescense analyses of the filters indicated that

0 manganese fume concentrations were roughly one-thirtieth of theI:
1.0 mg/m 3 TLV-TWA, and

o zinc oxide and iron oxide fume concentrations were substantially
below the TLV-TWA of 5 mg/,m3.
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Two series of samples were collected sequentially during addition

of dry chemicals to the mud makeup hopper. One series consisted of respi-
rable nuisance dust samples (P1 through P4). Each sampled concentration
was nominally one order of magnitude below the respirable nuisance dust
TLV-TWA of 5 mg/rm3 . The TWA exposure relative to an 8-hour day was 0.32
mg/m.3 . The second series of samples, MI through M4, was analyzed quanti-
tatively for chrome because the presence of this element was indicated by
(1) qualitative XRF scans of the bulk material and (2) information on
Material Safety Data Sheets for competitive mud products that perform the
same function as the bagged materials that were used on the drill rig. The
analysis indicated that

"o soluble chrome VI levels were below the detection limit. At the
detection limit, all chrome V1 concentrations were less than
0.008 mg/m 3 relative to a TLV-TWA of 0.05 mg/m 3 ,

"o soluble chrome II and III were also below the detection limit.
At the detection limit, calculated concentrations were well
below the chrome II and III TLV-TWA of 0.5 mg/r 3 , and

"o similar results were obtained for insoluble chrome II and III.

In the final analysis, these samples could also have been analyzed gravi-
metrically for total dust concentration. However, the caveat that was
associated with the rust and paint chipping operation is appropriate to
this scenario also.
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V. CONCLUSIONS AND RECOMMENDATIONS

V.1 Nos

The conclusions presented here are based oti the documentation and

measurement activities conducted during this project. The operating condi-
tions and worker activities depicted it this report may not always be typi-

cal of the offshore industry. Therefore, unless otherwise indicated, these

conclusions should not be generalized.

"o The SPL environment on offshore production platforms is rela-
tivtily constant over time. Local variations do occur when
welders, cranes, portable generators, and other equipment are
operated. However, the operating ccnditions appear to stay re-
asonably stable from day to day.

" The SPL environment on drilling rigs Is much more time dependent

than on production platforms. Operating conditions may change
on a somewhat random basis depending on the type of bit, forma-
tion structure, drilling depth and many other variables. For

example, the mud pumps and shale shakers may not be noise

sources ouring tripping operations. However, the time required
to conduct the tripping operation, and the time between tripping
operations are both variable, making exposure estimates from SPL

surveys very difficult.

" Dosimetry measurements provide the most accurate method of

evaluating potential noise exposures incurred by an Individual,
but the dosimetry does not isolate major noise sources unless
simultaneous time-motion data are recorded.

"o SPL survey techniques provide a rapid means of evaluating the

spatial distribution of SPLs. Temporal variations require ad-

ditional surveys if the data is to be used in estimating a
worker's exposure. The temporal and spatial resolution of both

the SPL environment and the worker's activity should be consi-
dered to assess the validity of exposure estimates.

" SPL surveys are well suited to finding areas which exceed the

recommended action level of 85 dB(A) for hearing conservation
programs. The company may then elect to determine or calculate

exposures for specific individuals. Alternatively, company

policy might require hearing protection in all areas where the
SPL exceeds 85 dB(A).

o Dosimeters capable of "dumpine" time-dependent raw data provide
an excellent means of assessing exposure problem areas. This

type of instrument should be considered when evaluating the SPL

environment on a facility.

"o Dosimeters which provide a "bottom line" assessment of exposures
are probably adequate to ensure compliance with standards. This

type of instrument may provide a calculation of the cumulative
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effective exposure, Leff; the dose a5 a percent of the permis-
sible; and the maximum SPL recorded. Features and options vary
from model to model.

* Recent studies [93 indicate that 50% of industrial workers
tested in-situ " .... were receiving less than one-half the
potential attenuation of the earplugs". The reason was Im-
proper application of tne protective device. The tests
considered preformed, acoustic wool, custom molded, and
acoustic foam earplugs. These findings should be considerod
when (1) selecting protective devices based on an assessment
of the required attenuation and (2) implementing a training
program.

o Measurements obtained during this study indicate that potential
noise exposures are generally above 100% of the permissible
exposure level. All samples collected for a full shift
indicated a potential exposure greater than 50% of the OSHA
permissible dose. Therefore, hearing conservation programs
should he employed.

o Confined areas such as compressor buildings and generator rooms
had warring signs and hearing protective devices were provided
at the entrances. However, the SPL contours around the outside
of these sources may also exceed the 85 dB(A) action level
recommended in NVC 12-82. The exceedance may be due to either
the source within the confined space or that source combined
with other noise sources exterior to the enclosure. The
circular advises employers to determine actual exposures or
require hearing protection in these surrounding areas to ensure
an L eff(24) i82 dB(A).

o The use of the word "spaces" in NVC 12-82 regarding the posting
of warning notices should be interpreted as both open spaces and
confined space.

o The current recommended Leff( 2 4 ) of 82 dB(A) can be achieved
through a combination of engineering, protective equipment and
administrative cont-ols. The Leff( 2 4 ) of 77 dB(A) proposed for

"vessels" constructed after 1985 will require more stringent
administrative controls. Engineering controls will be prohibi-
tively costly.

o NVC 12-82 presently recommends SPLs <75 dB(A) in living quar-
ters. Future "vessels" should have SPLs (70 dB(A). In many
cases, the SPL measured in living quarters was less than 70
dB(A). Exceptions tended to result from a gathering of people,
television, maintenance, and testing equipment for short
periods.
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"o Workers generally spent 12 hours per day inside the living
quarters. Therefore, an Leff(12) may be more appropriate than
an Leff( 2 4 ) for offshore operations. The evaluation of a
worker's exposure over a 12-hour period will probably reduce
the costs associated with making the necessary measurements.

"o NVC 12-82 is a recommended guideline that applies strictly to
inspected commercial vessels excluding Mobile Offshore Drilling
Units. The USCG recommends that, in the absence separate guide-
lines, NVC 12-82 also be applied to offshore rigs and platforms.
This situation accounts for varying degrees of awareness of tho
NVC. Workers were not aware of its existence. Some facility
owners are aware of the NVC, others are not.

"o NVC 12-82 appears to be applicable to operations on offshore
facilities. As applied to offshore work schedules, an Leff( 2 4)
of 82 dB(A) and a 5dB(A) exchange rate is equivalent to 12 hours
at 87 db(A) followed by 12 hours below an 80 dB(A) threshold.
Consistent with the Coast Guard philosophy of an action level,
hearing protective devices should be worn In areas that exceed
85 dB(A). The applicability is directed toward individuals with
normal hearing. Noise sensitive individuals would benefit from
a screening program that would identify these individuals and
treat them accordingly--possibly with a recommendation for
continuous protection everywhere outside of the crew quarters.

V.2 Airbor.ne Contaminants

The conclusions that follow are based on a 7-day observation of
offshore drilling and production operations. During this 7-day period, it
was possible to observe and monitor only a small portion of the drilling
fluid chemicals and additives that are used in drilling operations. Simi-
larly, not all maintenance activities occurred during this period, e.g.
sandblasting. Consequently, the conclusions are specific to the observa-
tion period and the materials/ operations that were involved; extrapolation
or generalization to other situations is not justified.

o The debris from rust and paint chipping resulted in exposures to
total nuisance dusts at levels that were less than half of the
TLV-TWA of 10 mg/m 3 . In general, rafter samples cf the chipping
debris should be analyzed first for the absence of lead, chrome
and other toxic trace metals in order to justify the nuisance
dust assumption.

o Welding on mild, uncoated steel resulted in breathing zone fume
concentrations of manganese, zinc oxide and iron oxide that were
substantially below their respective TLVs.

o Addition of dry, bagged chemicals into the mud makeup hopper
produced respirable nuisance dust exposure concentrations that
were roughly one-tenth of the 5 mg/m3 TLV-TWA. However, care
should be taken to consult manufacturers' Material Safety Data
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Sheets to determine whether the drilling fluid chemicals contain
toxic metal compounds, such as sodium dichromate, which may
nullify the nuisance dust assumption.

Opportunities did not arise to observe the following operations or mate-
rials

"o sandblasting,
"o spray paintinge
"o confined space entries involving, dust

or vapor atmospheres,
"o addition of asbestos-containing mud chemicals, and
"o oil-base drilling muds.
"o skin contact with well completion fluids

Based on Phase I of this study, it was concluded that the potential
for vapor or gas exposure was minimal during normal rig operations. There
are sources of high concentrations of fugitive emissions. However, the
size of the sources and the release rates are such that meaningful concen-
trations do not develop in the workplace.

During the 7-day test, opportunities did not arise to monitor oc-
cupational exposures to silica from sandblasting. Despite this situation,
sandblasting is a fairly routine operation on Outer Continental Shelf i
facilities. The hazards associated with respiratory exposure to free

silica are well recognized. For improperly protected workers, chronic
fatal silicosis may occur after 10 years of exposure [IO11J. Acute fatal
sandblaster's silicosis may occur after intense exposures over three to
four years [10,11]. The hazards of exposure are not limited to the sand-
blasters. Samimi's research [113 revealed that workers who were not direc-
tly involved in the blasting operation were exposed on the average to free
silica concentrations up to 2.7 times the TLV. Free silica dust from an
adjacent blasting operation was transported by the ambient wind to where
the unprotected employees were working. That study also revealed that
sandblaster's exposures were excessive and resulted principally from the
use of nonair-supplied hoods, worn-out hoods, defective air-supplied hoods
and careless procedures. Based on this discussion, it is recommended that
future industrial hygiene surveys be conducted to identify the frequency
and duration of blasting operations, the corresponding occupational expo-
sures of blasters and support workers, and the level, extent and condition
of respiratory protective equipment.

In addition to sandblasting, an opportunity to observe the handling
of well completion fluids did not arise during the 7-day test. Saturated
brine solutions such as sodium, potassium and calcium chloride or bromide
are used to displace the drilling mud from the well bore prior to perfo-
rating. The Phase I report (Ref. (1), Appendices K and L) summarized dis-
cussions with drilling crew members that showed an awareness of the poten-
tial for skin irritation due to contact with saturated brine solutions.
One drilling contractor posted a notice In the crew's quarters warning the
crew of the Irritation hazard of saturated brine solutions, and advising
the use of a skin barrier cream to avoid contact. Crew members were also
advised to rinse their hands for 15 minutes under running water (with hand
washing) to avoid irritation and Infection from skin contact with saturated
brine solutions.7
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During the period April 25, 1983 through May 1, 1983 two SwRI

employees and the USCG technical monitor collected noise dosimetry data on

selected individuals. The selection was made primarily on the basis of

job title or description. We intentionally selected the worker's believed

to have the highest probability of exceeding the permissible exposure

levels during a normal work-day, assuming no hearing protection was worn. p
I'

A total of sixteen dosimetry records were obtained during the

offshore observation period. Fourteen of the surveys had sample durations I
in excess of 10.5 hours. Of these fourteen observations, eleven indicated

the worker would have received more than 100% of the allowable exposure

without hearing protection. Table B.I summarizes the noise dosimetry

observations. This table indicates the identification number under which

SwRI has stored the data; the worker's job or title; the sample duration;

the elapsed time to reach 100% of the allowable exposure; whether or not

hearing protection was worn; and the projected 12 hour and 24 hour

effective exposures assuming no additional exposure >80 dB(A). Although

most of this data can be readily interpreted, the hearing protection column

requires an explanation.

During the offshore observation, workers inserted ear plugs or

donned muffs prior to entering a structure which required hearing

protection. Therefore, the use of hearing protection indicates that the

worker was required to enter a compressor room, generator room, or other

high noise area. The only exceptions were surveys ND 13 and ND 14. The

two roustabouts worked outside in an area which was quiet when they were

not working. Therefore, no signs were posted requiring hearing protection

in the general area. However, due to the high noise level of the work,

both roustabouts wore plugs, which appeared to be cotton balls.

The remainder of this appendix contains the data obtained for each

case listed in Table 3.1. Three figures are presented for each case as

described in Section 111.3. A table is presented with each of the sixteen

histograms to indicate what activities were conducted during the intervals
w

marked on the histograms.

B-I

~ .. t..Z...UiU...-. AllC



TABLE B.1. DOSIMETRY DATA COLLECTED OFFSHORE

Time When
N i Spe ExposureNoj Sample Exceeded Lef1)Lf(4

Dosimetry Worker Job Duration Allowable Hearing Max* Leff(12) Lef(2J4)
ID No. or Title u Ho•) Protection se A dA

ND 1 SwRI 10.7 7.5 Y 146% 89.85 84.85
ND 2 USCG 10.7 7.5 Y 134% 89.40 84.40

ND 3 Day Pumper 12.0 8.3 Y 121% 88.84 83.84
ND 4 Day Foust- 12.0 8.3 Y 110% 88.18 83.18

about
ND 5 Welder 10.7 10.5 N 103% 87.35 82.35

ND 6 Driller 11.8 8.3 N 176% 91.36 86.36

ND 7 Derrick Man 12.0 *9 N 78% 85.85 80.85
ND 8 Driller 12.0 8.0 N 167% 90.78 85.78

ND 9 Derrick Man 11.8 3.7 N 318% 95.42 90.42

ND 10 Roustabout 5.5 N 86% 85.97 80.97

ND 11 Roustabout 1.5 N 19% 75.20 70.20

ND 12 Electrician 11.0 *# Y 58% 84.05 79.05

ND 13 Roustabout 11.5 .8 Y 1450% 106.31 101.31

ND 14 Roustabout 11.4 1.5 Y 820% 102.21 97.21

ND 15 Welder's 12.0 12.0 N 100% 87.28 82.28
Assistant

ND 16 iWelder 12.0 Ne 69% 85.10 80.10

Maximum dose is calculated based on USCG WIC 12-82
acceptable effective exposures.

Allowable level was not exceeded during the s8mple.

Y = Hearing protection worn in designated areas.

N = No hearing protection was worn during the day.
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TABLE B.II. ACTIVITIES DURING INTERVALS INDICATED
ON FIGURE B.1

Interval Activity

A Inside crewboat traveling to fieldl

B Touring Platform 1

C Touring Platform 2

D Touring Platform 3

E Touring Platform 4

F Touring Drilling Rig

G Fieldboat to Platform 2
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TABLE B.III. ACTIVITIES DURING INTERVALS INDICATED
ON FIGURE B.4

Interval Activity

A Inside crewboat traveling to field

B Touring Platform I

C Touring Platform 2

D Touring Platform 3

E Touring Platform 4

F Touring Drilling Rig

G Fieldboat to Platform 2

B-8
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TABLE B.IV. ACTIVITIES DURINO INTERVALS INDICATED ON FIOURE B.7

Interval Activity

A Inside compressor buildings.
B Inside control room.
C Operated crane.
D Insaice office.
E Inside compressor building.
F Worked on 10 root level and wellhead level.
G Inside quarters.
H Inside compressor building. Neither unit running

initially while repairs were being made.
I Checked wellhead area.
3 Worked near wellhead area.
K Operated crane, checked generator room.
L Inside quarters.
M Operated crane.
N Inside quarters.
0 Operated crane.
P Inside office.
Q Inside compressor building.
R Inside warehouse 10 minutes and then lubrioated crane.
S Worked primarily in wellhead area lubricating valves;

also operated crane.
T Operated crane.
U Inside operator's shack.
V Inside compressor building collecting data.
W Inside office.
X Operated crane and read instruments on top of

compressor building. Hearing protection was
worn 17 minutes.

Y Worked near separators 6 minutes and worked in
mechanic's shop.

Z Unloaded equipment basket on main deck.
AA Inside quarters.

I
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TABLE B.V. ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.1O

Interval Activity

A Performed rounds to take readings on equipment,
including generators. Wore ear muffs.

B Inside office.
C Tended cargo basket, went down to lower level

of pl at form.
D Operating crane.
E Worked on 10 foot level and wellhead area.
F Wellhead area.
G Inside for break.
K Worked on compressor room.
I Wellhead area 27 minutes, main deck 22 minutes

during this interval.
J Taking readings on generators.
K Inside office.
L Well bay area.
M Inside for lunch.
N Worked in well bay area primarily.
0 Operated crane.
P Taking readings on generators.
Q Working in wellhead area.
R Inside office.
S Working inside mechanic's shop.
T Working on main deck 20 minutes and 7 minutes in

well bay area.
Inside quarters.

B1
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TABLE B.VI. ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.13

Interval Aotivity

A Grinding and welding on Platform 1.
B Inside quarters while gas was flared. (Dosimeter was

in standby position.
C Grinding and welding.
D Welding, outting pipe, and grinding.
E Inside quarters. (Dosimeter was in standby position)
F Cutting pipe and grinding.
G Grinding and welding.
H Inside quarters.
I Installing a new hoist in welding area.
J Transferring finished pices to top deek.

-T ,
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TABLE B.VII. ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.16

Interval Activity

A Tripping pipe. Drawworks were shutdown for 4 minutes
after 1 hour, 34 minutes.

B Accumulator operated intermittently for a total of
4 minutes, 15 seconds.

C Accumulator operated 68 seconds.
D Accumulator operated 79 seconds.
E Accumulator operated 4 minutes, 16 seconds.
F Equipment shutdown 39 minutes.
G Drawworks operating, accumulator operated 80 seconds.
H Testing MWD system.
I Going back into hole.
J Testing MWD.
K Going back into hole.
L Testing MWD
M Going back into hole.
N Filling drill pipe with mud.
0 Finish going back into hole.
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TABLE B.VIII. ACTiVITIES DURING INTERVALS INDICATED ON FIGURE B.19

Interval Activity

A Worked on monkey board stacking pipe.
B Worked on drill floor.
C Worked on drill floor and pipe storage area cleaning

equipment and preparing to test BOP.
D Worked on drill floor. Accumulator was periodically

charged during this time. Derrickman occasionally
stood within 3 feet of the accumulator during charging.

E Inside quarters for dinner.
F Worked on drill floor. Accumulator drawworks and

crane operated during this time.
G Worked on monkey board adding pipe.
H Came down to rig floor for 5 minutes; went to mud

pump room for 1 minute and remained in mud makeup
area 7 minutes.

I Returned to monkey board.
J Came down to mud makeup area for 15 minutes.

$"7
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TABLE B.IX. ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.22

Interval Activity

A Drilling.
B Drawworks brake applied 28 times in 60 seconds.
C Brake applied 75 times.
D Equipment shutdown, driller placed a telephone call.
E Breaking in new bit through "tight" formation.
F Dr'illing for 5.5 hours.
G HWD survey.
SH HWD survey.
I MWD survey.
J Driller moved away from the drill floor to eat

breakfast.
K MWD survey.
L MWD survey.
M Drilling.
N ,WD survey.
0 MWD survey.
P HMD survey.

B-32
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TABLE B.X. ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.25

Interval 
Activity

A Worked in mud makeup area and pump room. (SPL peaksoccurred while he was in the pump room)B Inside pump room.C Worked Primarily in mud makeup area. Entered pump
room for ahort periods of time.D Inside pump room.E Worked primarily in mud makeup area. Entered pumproom twice for a total of 75 seconds.F Inside quarters to eat.G Worked in mud makeup area. Entered pump room
for short periods.H Worked in pump room.

I Worked in mud makeup area.
J Worked in pump room.K Ikorked primarily in mud makeup area. Also workedIn pump room and cementing room a total of 20 minutes.

[3
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TABLE B.XI. ACTIVITIES DURING INTERVALS INDICATED
ON FIGURE B.28

Interval Activity

A Working in mud pit area adding

Barite; cleaning up area.

B Inside for break.

C Working in mut pit area.

D Left mud pit area.

E Working in mud pit area.

B--40
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TABLE B.XII. ACTIVITIES DURING INTERVALS INDICATED
ON FIGURE B.31

Interval Activity

A Worked in immediate vicinity of
Barite hopper for the duration of
the survey. He had been directed

to go work on another area of the
rig when the dosimeter was removed.
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TABLE B.XIII. ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.34

Interval Activity

A Field boat to Platform 1.
B Inside living quarters and welder's shed.
C Inside compressor building No. 2 - two units running.

Wore earplugs.
D Inside compressor building No. 1 - no units running.

Did not wear plugs.
E Inside quarters.
F Inside compressor building No. 1.
0 Inside mechanic's shop.
H Inside compressor building No. I (one unit was run

for 5 minutes).
I Inside quarters.
J Working on roof of compressor building No. 1. Did

not wear ear plugs. (A P.A. speaker on the roof
was being used almost continuously. The SPL due to
the speaker was 95-100 dB(A)).

K Inside quarters for lunch.
L Inside compressor building No. 1.
M Inside electrical shop.
N Inside compressor building No. 1.
O Field boat to Platform 2.
P Inside quarters to repair ice maker.
Q Inside generator room 3 minutes to get SwRI soldering

iron to use on ice maker.
R Inside quarters to finish repairs, eat dinner, and

wait for field boat.
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TABLE B.XIY. ACTIVITIES DURING INTERVALS INDICATED
ON FIGURE B.37

IntervalActivity

A ~Inside off iae.
B Chipping paint.
C Inside for break.
D Chipping paint.
3 Inside for lunch.
F Chipping paint.
G Assisting orans operator.
H Chipping paint.

I Inside for break.
J Chipping paint.
K Handling air hose for other

roust about.
L Sprain painting.
14 Inside office.
N Spray painting.
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TABLE B.XV. ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.40

Interval Activity

A Preparing equipaent.
B Chipping paint with a needle gun.
C Inside quarters for morning break.
D Chipping paint.
E Inside quarters for lunch.
F Chipping paint.
G Working on pipe floor handling personnel basket.
H Chipping paint.
I Working on pipe floor handling personnel basket.
J Chipping paint.
K Inside quarters for afternoon break.
L Preparing to paint.
M Spray painting.

Cleaning up equipment.

'.
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FIGURE B.41 . CUMULATIVE EFFECTIVE EXPOSURE ON ROUSTABOUT
(Identification Number ND1I)
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TABLE B.XVI. ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.43

Interval 
Activity

A Prepariring equipment to transfer to field boat.(Worked on various levels of Platform 9 and entered
the warehouse several times to gather up equipment
and supplies.

B Inside quarters waiting for field boat.C On board field boat to transport equipment to
Platform 3.

D Inside quarters.E Setting up welding equipment. Required the assistantto go make several trips to the 10 foot level totransfer equipment and supplies.
F Inside mechanic's shop.G Transferring pipe to 10 foot level.H Burnished work for welder. Approximately 16 minutes

were spent burnishing. Durations were usually about
30 seconds.

I Inside quarters.
J Cutting pipe.
K Burnished approximately 141 minutes during this interval.L Inside quarters.

L M Burnished approximately 11 minutes during this interval.1

[40
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FIGURE B.46. NOISE DOSIMETRY ON CONTRACT WELDER
(Identification Number ND16)
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TABLE B.XVII. ACTIVITIES DURING INTERVALS INDICATED ON FIGURE B.46

Interval Activity

A On main deck 3 minutes; in and out of berthing space
6 minutes.

B Loading equipment on field boat.
C On main deck of Platform 3.
D On main deck of Platform 3.
E On main deck of Platform 3.
F Went down to lower level (welding area) of platform.
G Inside living quarters (lunch).
H Started welder.
I Grinding ends of pipe.
J Inside living quarters.
K Went down to lower level to cut pipe.
L Burnishing 6 minutes and welding 8 minutes.
M Inside living quarters (dinner).
N Welding 9 minutes; burnishing 5 minutes.
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APPENDIX C

"- U. S. COAST GUARD NAVIGATION AND VESSEL INSPECTION
CIRCULAR NO. 12-82

RECOt4•ENDATIONS ON CONTROL OF EXCESSIVE NOISE
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DEPARTMENT OF TRANSPORTATION

UNITED STATES COAST GUARD U.S. aot "uard (G-MVI-2)Washingteu, D.C. 20593
202-426-2190*12"82

NAVIGATION AND VESSEL INSPECTION CIRCULAR NO. 12- 8 2
Subj: Recommendations On Control of Excessive Noise

Ref: (a) 46 CFR 32.40-15
(b) 46 CFR 72.20-5
(c) 46 CFR 92.20-5
(d) International Maritime Organization (1HO) Resolution A.468(XII),"Code On Noise Levels On Board Ships.'
(e) U.S. Naval Ocean Systems Center, "Study of Airborne Noise On

Merchant Ships" (see enclosure (9), reference 1).

1. PURPOSE. This Circular contains the Coast Guard's recommended iguidelines
to the U.S. maritime industry for addressing conditions of high noise.
The guidelines were developed in consideration of the need for protecting
crewmembers from noise exposures which may produce permanent noise induced
hearing loss; for providing crewmembers with suitable conditions for
recuperation from the effects of exposure ro high noise levels; and for
providing a safe working environment by giving consideration to the need
for effective speech communication and for hearing audible alarms and
warnings. Amplifying information in attached enclosures is provided an
guidance in addressing key aspects of noise control.

2. APPLICATION.

a. The recomendations of this Circular apply to all commercial vessels
inspected by the Coast Guard except Mobile Offshore Drilling Units.

b. Although these guidelines are not directedispecifically to
uninspected commercial vessels, the Coast Guard considers them to be
appropriate guidelines should any owner of uninspected vessels also
choose to follow them.
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2. c. At the time of this publishing, the Coast Guard is collecting data to
determine whether separate guidelines would be appropriate for
inspected offshore drilling units and fixed structures. However, in
lieu of separate guidelines, these guidelines are recommended for the
interim.

3. DISCUSSION.

a. According to a recent Coast Guard-sponsored study (enclosure (9),
ref. 1), noise exposures of certain personnel aboard U.S. merchant
vessels ware found to be in excess of those considered to be safe.
The study also indicated that high noise levels aboard ship interfere
with speech intelligibility, internal shipboard communications and
the audibility of warning signals, which potentially impairs the
safety of some operations on the vessel. Additional studies from
foreign countries and information from other sources overwhelmingly
support these findings for virtually all classes of commercial
vessels. The studies also demonstrate that unlike shoreside workers
who can retreat to a quiet environment after their work shift,
merchant seamen are part of a mobile environment and may not have the
opportunity to retreat to a quieter, relaxed atmosphere. Crew
quarters, recreation areas, mess rooms, etc. are sometimes as noisy
as the working environment. Similar problems are also widely
reported in the offshore drilling industry. (NOTE: At the time of
this publishing, the Coast Guard is still conducting a study on the
particular noise problems in the offshore drilling industry.)

b. The effect of noise on hearing is a function of the actual noise
level, its component frequencies and the duration of exposure. An
excessive combination of these elements results in a shift in a
person's threshold of hearing, i.e., an elevation in the lowest level
of sound detectable to the ear. A threshold shift may be recoverable
to varying degrees, depending upon its magnitude, provided the person
retreats to a quiet environment (generally accepted as below 75
db(A)) for a sufficient time. While small threshold shifts may be
totally recovered, large shifts are only partially recoverable
leaving with each occurrence a small permanent threshold shift, known
as hearing loss. The minimum goal of a noise control program should
be to insure that an exposure (noise level over a certain duration)
is not so great that the temporary threshold shift cannot be
recovered during the following rest period.

c. After careful study, the Coast Guard has concluded that the mcat
meaningful method of evaluating excessive noise in the maritime
industry is by measuring the cumulative noise exposure during the
complete 24-hour day. In addition to consideration of the normal
work time noise exposure, the 24-hour exposure measurement considers
the time after exposure to high noise to evaluate whether sufficient
quiet time is provided to allow for recovery from temporary threshold
shift. The term which will be used to express this measurement is

2
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3. c. (cont'd) the "24-hour effective exposure level," or Leff( 2 4 ), and
is defined in technical terms in enclosure (1). The Leff( 2 4 )

concept differs somewhat from the criteria proscribed by the
Occupational Safety and Health Administration (OSHA) because of

several factors which distinguish the maritime industry from industry
ashore. However, the Leff( 2 4 ) criteria would afford similar
protection.

d. The exposure limit recommended herein (82 dB(A)) is, like almost all
exposure limits, based upon an evaluation of a certain degree of risk
to some personnel and does not insure that all personnel will not
incur hearing damage. For this reason a hearing conservation program
containing a system for periodic audiometric testing of personnel is
necessary to detect those susceptible persons at the initial outset
of a hearing impairment before any appreciable damage is accrued.
Since, such a program would generally not be necessary if exposure
levels (computed without regard to attenuation contributed by hearing
protective devices) were further reduced to 77dB(A), the Circular
suggests that new vessels be designed so that the 77dB(A) level may
be achieved.

e. The control methods, i.e., engineering controls, administrative
controls or hearing protective devices, selected by the
owner/operator of a unit to achieve the recommended exposure limits,
would depend upon economic and other considirations. Based upon data
obtained frcm the study conducted by the Coast Guard and the state of
the art in present noise control technology, the recommendations
could be implemented on most units without retrofitting, principally
throvgh the use of hearing protectors. Other units may additionally
need to administratively limit the time of exposure, and/or install
soundproof control booths. Ultimately, however, installation of
permanent engineering controls to reduce noise levels is the best
means of assuring effective hearing protection. Although this 1
technology may be young in marine applications (in the United

States), the Coast Guard has seen several examples where significant
reductions in noise levels in engineering compartments through modest
engineering controls were achieved. The exposure levels in this
proposal are such that they may be economically achieved on many
vessels by using these engineering controls. It is encouraged that
engineering controls be used whenever economically feasible.

f. In November 1981 the International Maritime Organization (IMO,
formerly IMCO) approved a standard on shipboard noise entitled "Code
On Noise Levels On Board Ships," which applies basically to new ships
of 1600 gross tons or more. The Coast Guard participated in the
development of this Code and endorses its recommendations. As rhe
preamble to the Code makes clear however, it was not intended that
the Code be adopted verbatim by member nations. Rather, each nation in
was permitted the flexibility to implement the principles of the Code
thzough a method suited to the maritime irdustry of that nation. The

3
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3. f. (cont'd) Coast Guard believes therefore, that the recommendations in

this Circular are a satisfactory implementation of the IMO Code.
(NOTE: The IMO Code contains a section suggesting recommended noise
level limits for various types of spaces on a unit. It is believed
that this list offers guidance which would be useful to the designers
of U.S. vessels and is therefore incorporated verbatim as an II
enclosure to this Circular. These levels are provieed primarily as
guidelines which might be useful for design specifications for
suitable types of new vessels.)

g. It is considered that implementation of the recommendations in this
Circular will involve an ongoing process encompassing a time frame of
several months to years, depending upon the vessel. It is
anticipated that phases involving measurement, provision of hearing
protection devices, installation of some engineering controls,
implementation of the hearing conservation program and other
administrative aspects could be completed within two years. However,
it may take up to four years before complete engineering solutions
can be designed and installed.

h. The limits and procedures set out in these guidelines are regarded as
minimum acceptable precautions against high noise conditions. For a
greater margin of sa sty, owners and operators may wish to provide
higher levels of proi.ection. Also, as technology improves and as
more scientific information becomes available, consideration will be
given to amending these guidelines accordingly.

4. ACTION.

a. The following paragraphs b through i contain recommended guidelines
for protecting crewmembers from conditions of high noise. Additional
information in the attached enclosures (1) through (9) are provided
to amplify certain provisions of the recommendations. Definitions of
terms used are contained in enclosure (1).

b. Recommended Exposure Limit.

(1) Each crewmember's 24-Hour Effectiw cosure Level, Leff( 2 4 ),
as defined in enclosure (1), shou onstrained to a maximum
of 82 dB(A).

(2) If exposure levels were further reduced, through engineering and
administrative controls alone, to an Leff( 2 4 ) criteria of 77
dB(A), the hearing conservation program outlined below would no
longer be necessary in most cases. The Coast Guard believes
that the technology to accomplish this objective will be
feasible on most deep-sea vessels, over 1600 gross tons,
constructed after 1985 and recommends designing to the 77 dB(A)
criteria at that time.

4
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4. •. (3) NOTE: The exposure limits specified above are based upon the

findings that exposures to high noise in the maritime industry

are normally intermittent, as defined in enclosure (1). If work
shift noise exposure is continuous, vice intermittent, then
exposure levels should be reduced even further.

(4) Leff(2 4 ) can be achieved by any combination of engineering

controls, administrative controls or hearing protective
devices. However, because engineering controls provide the most
positive means of assuring adequate protection, it is

recommended that engineering controls be given first
consideration and evaluated for feasibility before opting for
other methods. Discussions on engineering controls an, hearing
protective devices are included in enclosures (4), (7) and (8).

(5) The Coast Guard realizes that reducing noise levels generally
becomes increasingly more difficult on smaller vessels. It was
for this reason that the IMO noise level limits referred to in
subparagraph c.(2) below were restricted to vessels over 1600
gross tons. On many existing vessels of less than 500 gross

tons, the incorporation of effective structural and engineering
alterations to attenuate structure-borne noise may be

economically prohibitive. However, through the use of hearing
protective devices, administrative controls and selective
engineering changes, the recommended 24-hour exposure limit,
Leff( 2 4 ), of 82db(A) should still be attainable.

c. Recommended Noise Limits.

(1) Where practicable, maximum noise levels in berthing spaces, and
in mess spaces of units over 500 gross tons, should be no
greater than 75 dB(A) on existing units and 70 dB(A) on new
units.

(2) Annex III, paragraph (1)(e), of the International Regulations
for Preventing Collisions at Sea, 1972 (commonly called the 72
COLREGS) contains the following requirements: "The sound
pressure level of the vessel's [fog whistle] at listening posts
shall not exceed 110 dB(A) and so far as practicable should not
exceed 100 dB(A)." The 72 COLREGS are U.S. law and are
mandatory for all U.S. vessels navigating on the high seas.

(3) As stated in Discussion paragraph 3.f., the "Code On Noise

Levels On Board Ships," a noise standard published in November
1981 by the International Maritime Organization (IMO), contains , -

a listing of suggested noise level limits for various spaces on
ship. The Coast Guard considers that these limits would
generally be appropriate for adoption as minimum design
specifications for ocean-going vessels over 1600 gross tons .,

which would be subject to the IMO Code. This list of limits is

sov0
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4. c. (3) (cont'd) in enclosure (6). It is not intended that the list
supplant any other recomendation in this paragraph 4., nor is
it meant to imply that, if followed, would any exposure limit
recommended herein be automatically achieved. I:

d. Hearing Protective Devices.

(1) Unless the Leff( 2 4 ) computed or measurid for a crevmember
accounts for and allows such an exposure, crewmembers should be
required to wear hearing protective devices whenever entering
spaces with noise levels greater than 85 dB(A).

(2) NOTE: Any exposure of persons not wearing hearing protection to
noise levels over 105 dB(A) should be avoided. However, if such
exposures are unavoidable, they should be constrained to the
principle of intermittent exposure (see definition in enclosure
(1)) such that each exposure duration is one-seventh of the
total allowable exposure at that noise level.

(3) At no time should the unprotected ears of crewmembers be
exposed to non-impulse noise levels over 115 dB(A) or to impulse
noise levels over 140 dB(A).

e. Evaluation of Noise Conditions.

An evaluation of noise conditions should be conducted on each unit
and the results documented. The evaluation should consider noise
conditions during all normal operations underway and in port.
Enclosure (3) should be consulted with regards to proper equipment
and measurement procedures.

f. Warning Notices.

(1) Where the noise level in spaces exceeds 85 dB(A), entrances to
such spaces should carry a warning notice advising personnel of
the noise hazard and the need for hearing protection. (A guide
for design of this sign is the ANSI Specification for Accident
Prevention Signs, Z35.1-1972.) If only a minor portion of the
space has such noise levels the particular location(s) or
equipment should be identified at eye level, visible from each
direction of access.

(2) Where hand tools, galley and other portable equipment produce
high noise levels in normal working conditions, warning-
information should be provided, preferably on the device.

g. Instruction to Crewmembers.

(1) Crewmembers should be instructed in the hazards of high and long A
duration noise exposure and the risk of noise induced hearing

,4.,.~..r P ¾.-. ~ . . . . .. , . . .. ~ . ... ~ * -______________6
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4. g. (1) (cont'd) loss. Irrstruction should also include a description of the

unit's noise control program, the types of heAring protection
devices provided and their proper use and care, and the unit's
hea-ing conservation Program. F

(1) Appropriate crewmembers should receive such instruction as is
necessary in the correct use and maintenance of machinery and
silencers or attenuators in order to avoid the production or
transmission of unnecessary noise.

h. Hearing Conservation Program.

(1) All crewmembers having 24-Rour Effective Exposure Levels
(computed, in this case, without regard to attenuation
contributed by hearing protective devices) greater than 77 dB(A)
or routinely exposed to noise levels greater than 85 dB(A)
should be included in a hearing conservation program as outlined
in enclosure (5).

(2) Much of the maritime industry utilizes a highly mobile labor
force of which individual personnel work a vessel or rig for a
limited period and then move on to another unit. Consequently,
it is often impraltical for operators of these units to
individaally implement portions of hearing conservation programs
involving audlometric testing and recordkeeping. In such cases
it is recommended that a program of audiometric testing be
coordinated on a group basis between the owner/operators and the.
employees.

i. Responsibilities.

(1) The owner/operator of a unit should be responsible for ensuring
* that means for noise reduction and control are applied and

maintained according to the recommendations of this Circular.
Particular attention should be paid to insuring that the unit's
officers are informed of the Provisions of the unit's noise
control program and the need for instructing crewmembers as
provided in paragraph f, and to insuring that hearing protectors

- are provided and maintained.

(2) Crewmembers should be responsible for complying with the unit's

noise control program, as instructed, paying particular
attention to wearing provided hearing protectors in the proper
manner while working in the prescribed locations.

CLYD LUSK,Chief, Office Of Merchant Uarial Sift
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Encl: (1) Definitions
(2) Determining the Effective Exposure Level (Examples)
(3) Equipment and Measurement
(4) Hearing Protective Devices
(5) Hearing Conservation Irogram
(6) IMO Noise Limits
(7) Suggested Engineering Methods for Controlling Noise
(8) Noise Reduction On Towboats and Other Small Vessels
(9) References

NON-STANDARD DISTRIBUTION:

Ce: Baltimore (75); San Francisco, Mobile, Pittsburgh, Providence, Boston,
Norfolk (50); Galveston (30); Cleveland, Portland OR, Sturgeon Bay (25);
San Diego, Savannah, Buffalo, Corpus Christi (20); Tampa, Valdez,
Milwaukee, Louisville, Detroit, Toledo, Nashville, Anchorage (15);
Portland ME, Duluth, Charleston, Huntington, Minneapolis-St. Paul
(Dubuque), San Juan, Miami (10); Juneau, Cincinnati, Memphis, Wilmington,
Paducah, (5) extra

Cm: New Orleans (250); New York (200): Seattle (100); Houston (50); Terminal
Is (LA-LB), Philadelphia (40) extra

Em: New London, Houma (30); Ludington (8) extra.
En: Xetchikan, Kenai, Kodiak, Lake Charles (5) extra

List CG-12; ZTC-68

8



Enclosure (1) to Nvc 12 -8 22 JL"982

DEF'NITIONI

1. A-weighted sound pressure level or noise level: The quantity measured by
a sound level meter in which the frequency response Is weighted according to
the A-weighting curve, as per ANSI 91.4-1971. The A-weighting values for
Octave Sands 31.5 to 8000 Hz are as follows:

Frequency (Ht) 31.5 63 1 125 1 250 1 500 IX 2K I 4X B K
A-Weighting (d0) -39 |-26 1 -15 1 -8 1 -3 160 +1 1 +1 -1

2. Hearing protector: A device worn to reduce the level of noise heard by
the wearer; hearing protective device (HPD).

3. Effective Exposure Level, Lgff( 2 4 ): The constant sound level that
produces the same noise exposure as the actual time-varying noise over a
24-hour period within the prescribed sound level limits. Lff Is based on a
5 dB exchange rate vhiel, assumes that personnel exposures at high noise levels
are intermittent. In calculating this level all noise less than 80 dbCAl may
be disregarded.

a. The Effective Exposure Level, measured from continuous A-weighted
sound pressure signals, is defined as follows (Note: This formula
is mainly for use of equipment manufacturers.):

F 1 o
Leff 5 ..2... log Sor p___4l dt

log 2 L Po

where: p(t) * time-varying A-welghted sound pressure, N=m2
Po reference sound pressure, 2x10 5 K/m-
t * time, in hours
A - total time interval, 24-hours
log - logarithm to the base 10

b. For practical purposes, the Effective Exposure Level can be
calculated by the following approximate formula:

Leff - 16.61 log i0 t

i where: LAI a A-weighted sound level during the ith time
interval, Ati

Ati a Ith time Interval, in hours
7 - •&ti - total time interval, 24-hours

4. r : The amount of decrease in noise level which would allow
doubling of the exposure time.

ME
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5. Imoulse noise: Noise of less than 1 second's duration which occurs as an
isolated event, or as one of a series of events with a repetition rate of less
than 15 times per second.

6. Integrating sound level meter: A sound level meLer designed or adapted to
measure the level of the time-averaged A-weighted sound pressure. It is used
when sound level fluctuations are too large or erratic to permit accurate
readings with a standard sound level meter.

7. Intermittent noise exposure: A daily personnel noise exposure during
which the normally encountered noise exposure is interspersed with periods in
low level noise, i.e. below 80 dB(A), which are conducive to auditory rest.
(Paragraph 4.d.2 of the main text discourages the exposure of personnel not
wearing hearing protection to noise levels over 105 dB(A). If such exposures
are unavoidable, under the principle of intermittent exposure the individual
exposure duration should not exceed the times listed below:

Noise level (dB(A)) 106 107 1 108 , 109 1 110 1 1111 112 113 1 114 1115)

Time (min.) 7.4 6.5 I 5.7 I 4.9 1 4.3 1 3.7 1 3.2 2.8 1 2.5 2.1

8. New unit: A unit contracted for on or after I January 1986.

9. Noise: For the purposes of this Circular, all unwanted sound.

10. Noise dosimeter: A personal sampling device which automatically measures
the wearers cumulative noise exposure over a prescribed period of time.

11. Noise level: See A-weighted sound pressure level.

12. Sound: Energy that is transmitted by pressure waves in air or other
materials and is the objective cause of the sensation of hearing.

13. Sound pressure level: The level of sound pressure, L, measured on a
logarithmic scale and given by the formula:

L - 20 log10  (p) .dB
(Po)

where: p - rms value of measured sound pressure
po - 2 x 10-5 N/m2 (the reference level)

14. Steady noise: A sound where the level fluctuates through a total range
of less than 5 dB(A) as measured on the "slow" response of a sound level meter
in one minute.

15. Vessel: includes every description of watercraft used, or capable of
being used, as a means of transportation on water,

2
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DETERMINJNG THE EFFECTIVE EXPOSURE LEVEL (EXAMPLES)

1, Leff(2 4 ) can be determined through direct readout from personnel
noise dosimeters or through manual calculation, comparing measured noise
levels against time-motion profiles of the crewmember, or by combining the two
methods. Since exposure levels normally vary from day-to-day, it will be
necessary to measure several days of exposures to determine the maximum
exposure levels unless background data such as from an identical sister-ship
is available and is proven to duplicate that vessel's noise conditions. This
would apply both to the use of dosimeters and to time-motion profiling.

2. Dosimetry is normally the easier method of determining exposure
levels, particularly in jobs where personnel visit various locations of
differing noise levels on an unscheduled basis. Commercial noise dosimeters
vary in the descriptions and criteria which they are programmed to measure and
only those programmed to perform the Leff measurement (i.e. 82 dB(A)
criterion level, 80 dB(A) threshold level, 5dS exchange rate) should be
utilized for this determination. However, since this criteria is similar to
the OSHA hearing conservation criteria, except for the longer evaluation
period, proper dosimeters should be readily available. This equipment can
also be rented which may be more cost effective for some companies.

3. Examples of performing the Leff calculation are as follows:

Example 1: The Leff( 2 4 ) limit of 82 dW(A) was determined by
calculating the exposure level resulting from the combination of an 8-hour
exposure of 90 dB(A), OSHA's current standard, and 16 hours at less than 80
dB(A) (which is disregarded because it is below the threshold level). Using
the equation in enclosure (1), this is repeated as follows:

[ n LAi/1 6 . 6 1
Leff - 16.61 log 1 n

y~ 10 t I

Leff(24) - 16.61 log [1/24 ((10 90/1661x 8) + (0 x 16))]

L (24) - 82 dB(A)
eff

Example 2: A noise survey is conducted on a 25,000 dwt steam
vessel. The results indicate high noise levels in several machinery spaces
and a noise level of 78 dW(A) on the mess deck.

Further analysis is performed to determine the actual exposures of the crew.
An overview reveals that only engineering personnel are sufficiently exposed
to high noise to be in danger of overexposure, so the analysis is limited to
this group. At this point the noise consultant must decide whether to measure
exposures using (a) personal noise dosimeters or (b) time motion study.
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The consultant decides to measure the exposures by performing a time
motion study while the vessel is on a 10-day trip. He profiles the various
routines of the affected personnel and relates the respective noise levels.
An example of the incremental exposures determined over a 24-hour period for
the Pirst Assistant Engineer are tabulated as follows:

1 hr. @ 95 dB(A) 5 hrs. @ 93 dB(A) 2 hrs. @ 88 dB(A)
2 hrs. @ 85 dB(A) 12 hrs. @ less than 80 dB(A)

The effective exposure level resulting from these incremental exposures is
computed from the formula in enclusure (1) as follows:

LAi/16.61
Leff - 16.61 log to t

I[T i-II

L eff(24) - 16.61 log (1/24((951661 x I) + (109 3/16.61x 5) +

(10 88/1661x 2) + (085/1661 x 2) + 0

Leff( 2 4 ) = 85 dB(A)

The analysis indicates that the exposures of most of the engineroom personnel
are, like the First Assistant, in the vicinity of 85 to 89 dB(A), exceeding
the 82 dB(A) recommended limit.

(Note: The analysis of exposure levels described above could also have been
accomplished using personal noise dosimeters, probably with much less effort.
A problem sometimes experienced with dosimeters is in obtaining the
cooperation of the crew, some of whom may be reluctant to wear the device or
may want to bias the readings. However, if this can be resolved (many experts
do not find this to be a problem), dosimeters offer a more accurate and less
time consuming method of determining exposure levels.)

The consultant presents three options for resolving the overexposures, listed
as follows:

Option 1: Require person'nel to wear hearing protection in all machinery
spaces where noise levels exceed 90d8(k).

Option 2: Construct a sound-proof booth around the operator's station in
the engineroom.

Option 3: Apply engineering controls at several key noise emitting

sources in the engineroom.

The owners decide to implement Option 1. The recommendations of this Circular
for warning notices, crew instruction and hearing conservation program are
instituted. The crew is offered three models of hearinp protectors to choose
from. A system )f audiometric testing and recordkeeping is developed.

Finally, the consultant also designs a treatment for reducing the mess deck
noise level to 68 dB(A) which is subsequently installed.2.
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Rxample 31 Using dosmet/ry to evaluate on vatch exposure and doing

time motion study to profile the remaining 16-hours off vatch, another

crewmember's exposure is determined as follows:

on watch: Leff (8 hours) - 85 dB(A)
off watch: 2 hrs *81 dB(A)

14 hrs a less than 80 dA(A) (disregard)

Leff(24) - 16.61 log 11/24((108 5/16.61x 8) + (10 8 1 /16. 6 1x 2) + 0)1

Loff( 24 ) - 78 dS(A)

(Note: Computing work shift exposures of personnel by time/motion survey is
normally more complex than indicated in the above examples as noise
levels will vary considerably.)

I!I
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EQL21?fEX-1 ANDIC ASUIREXC:4

A. Usv c! the ýctlaowil qai- t is recaa.•ende! lo ev'el i

me:e-. persoflai nz.tsv dsizeetvr vcaq Daft! i: n:.~rating sound level

b. Sound level Ieters sh:uld see: tft Tvpw 1! req%&Irents of the
AN1 Spectticatton ior Sound Lev*'& -ote-s. S3.--10%l (fore. Po critical
weasureocnts wlich 4ecerW•.n*n z3tllsbý wltl rec~cv 4eGd "Iits, * Type I
precision sounc sevel Weter sr_ýu.c be used.

C. rsonaý r.se d-eee7e sc.z =e :e Css A: requltemetts
o' the ANSI Specit a:ir' :cr ?ers,-u-. %\cst D~f.zel.-rs. S1.5-19S. The
dositezer ShOuld measure Le! ,.t1.l:zln. te crlterta specite*d in Definition
2In encio- -e kl"

d. Ct')er measuring eqaipeene s:ould meet appro.riate national or

international standaris.

e. (i.ly equipment certifled intrinsicallv safe should be used in
dreas where fla•ablt gas/air mixtures a,; be present.

2. Measurement.

a. All physical measurements should be made following the
applicable procedures of ANSI S1.13-1971 (R1976), Methods for Measurement of
Sound Pressure Levels, and ANSI S1.2-1962 (R1976), Method for the Physical
Measurement of Sound, and accepted practice. Use of ISO Standard
2923-1975(E), "Acoustics-Measurement for Noise On Board Vessels" is also
suggested.

b. Noise measurement equipment should be calibrated initally, at
subsequent intervals of approximately four hours, at the end of tests and at
anv other time when tests are interrupted due to battery replacement, etc.

c. Noise measurements should be taken in decibels using an
A-weighting filter (dB(A)). The meter should be set to "slow" response and
the readings made only to the nearest decibel. A measuring time of at least 5
seconds should be allowed. If a meter fluctuates in level within a range of
5 dB maximum to minimum, an estimate of the level may be made by averaging the
excursions of the needle with the eye. It is suggested that C-weighted levels
also be taken. Furthermore, to facilitate analysis of noise in certain areas
where engineering controls may be applied, measurement of noise by octave hand
levels should be considered. A form found convenient for recording the noise
data is attached. A wind screen on the microphone should be used in locations
where air motion is noticeable, such as bridge wings, lookout positions, and
near fans and ventilators.
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d. Measurements of intermittent and transient sources, such as
ship's horn or whistle at bridge and lookout locations are best made with
meters with "maximum-hold" and "peak-hold" capability. Certain machinery,
such as steering motors, etc. may also need measurements of this type.

e. Measurement of exposure levels at manned and intermittently
manned locations is moer convenient with an integrating sound level meter.
This instrument may be used in two ways: (I) at locations where the sound
level fluctuates' perhaps due to a cyclic operation of a machinery item, and
the meter is used to measure the average sound level. For this the meter is
operated at a fixed location for a period of at least one full cycle of the
machine; (2) to assess the average level over a space such as that transited
by an oiler on his rounds, the meter is operated while it is carried over the
actual path and at an equivalent rate of the oiler, and the average sound
level is read at the completion of the path. If an integrating sound level
meter is not available, the average sound level may be calculated by averaging
the set of so,ind level measurements on a pressure squared basis.

3. Survey.

When evaluating noise exposures, all operating conditions underway and in
port should be considered. For standardization however, a noise survey should
normally be conducted under the following conditions:

a. Measurements underway should be taken with ship in the loaded or
ballast condition, operating at normal design service speed and with all
auxiliary machinery and electrical equipment which is nurmally in use in
operation. Particulars of machinery in operation should be noted.

b. Noise level measurements in spaces containing emergency diesel
engine-driven generators, fire pumps or other emergency equipment that would
normally be run only in emergency, or for test purposes, should be taken with
the equipment operating. Adjoining spaces need not be measured with such
equipment operating, however, unless it is likely that the equipment will be
operated for periods other than those mentioned above.

c. Measurements in port should be taken with the ship's cargo
handling equipment in operation, in those areas and accommodation spaces
affected by their operation.

d. Measurements should be made at the principal working and control
stations of crewmembers in the machinery spaces and in the adjacent control
rooms, if any, with special attention being paid to telephone locations and to
positions where voice communication and audible signals are important.
Measurements should be taken in all workshops, at points on all normally used
access routes and at all other locations which would normally be visited
during routine inspection, adjustment and maintenance.

e. In addition to the spaces referenced above, noise levels should
be measured in all areas where work is carried out and in all locations with

hig noselevels wihere crewmembere may be exposed, even, for relatively short
periods. Noise levels need not be measured for normally unoccupied spaces,
holds, deck areas and other spaces which are remote from noise and where a
pceliminary survey show? that noise levels are below 70db(A).

2
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SAMPLE NOISE SURVEY FORM 2 JUN1982

Vessel Name: Hull No.

Type: Owner:

Built by: Year Built:

Dimensions

Length: Breadth: Depth:

Maximum draft (summer load line): Gross Tonnage:

Machinery

Engines - Type: manufacturer:

number: Normal design service shaft speed:

Generators - Type: manutacturer:

number: Output: kw

Main reduction gear:

Type of propeller: number of Propellers:

Auxiliary engines:

Other machinery notes:

Conditions During Measurement

Vessel's proximate position: Type of voyage:

Draft forward: Draft aft: Depth of water:

Weather - Wind speed: Seas:

Vessel's direction in relation to seas:

Vessel's speed: Shaft speed: r.p.m.

Propeller pitch:

Summary of machinery status:

-f,
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HEARING POTECTIVE DEVICES

I. Hearing protective devices (HPD's) must be effective in providing the
necessary protection and be acceptable to the individual. Selection, fit and
instruction in proper use are critical to effective perfomnance. 'PD's come
in three basic types, i.e. ear muffs, ear plugs and canal caps (partial
inserts); sometimes, for protection in particularly high noise levelc, muffs
and plugs will be worn together. HPD's should be carefully chosen from the
hundreds of models now available. It should be noted that HPD's often differ
in effectiveness at different frequencies whereby one device may be especially
effective in high frequency noise, another in mid-frequency and another in low
frequency.

?. Fir many reasons, the HPD attenuation (reduction of noise to the ear)
realized in actual field use may be substantially less than the attenuation
listed by the HPD manufacturer. Manufacturers ratings are computed in a
controllel, supervised, laboratory situation, using motivated test subjects
an-. for a short specific tirte period. However, in actual use, wearers of
HPD's are not often as well instructed or motivated to obtain such good
resolts. Unless a crewmember is completely motivated, through training and
supervision, to wear the device properly, actual attenuations will not often
attain to manufacturers' ratings. An evaluatior of HPD attenuation,
therefore, must consider two factors: (1) calculation of attenuation based on
tnC Manufacturer's attenuation data; and (2) adjustment of this calculation to
compensate for real world use.

3. Several methods of calculating the actual noise level under an HD
have been suggested by various sources. The National Institute for
Occupitional Safety and Health (NIOSH) lists three methods which are detailed
In the NIOSH publication "'List of Personal Hearin:g Protectors and Attetnuation
Data� (enclosure (Q), ref. 12). Essentially, however, there are two common
methods 'or this calculation. The preferred method is the one which looks at
tne rrequency spectrum of the noise (by octave band) and applies the
corresponding attenuation at that frequency for the HPD. This can be termed
the "'long method", o- NIOSH method 0j1 in the above reference 12. A rougher
method, which is based on several general assumptions which can allow an error
of as much as -8 dB depending on the frequency breakdown of the noise, is
based on the single-number Noise Reduction Rating (NRR) which is provided with
each device. Although the NRR can be useful as a quick method of evaluating
an HFPD, the best professional method of evaluating HPD attenuation is the
"long method.- These two methods of calculation are described as follows:

a. "'Long method" (NIOSH Method #1) calculation: After correcting
* the sound level at each octave band from 125 to 8000 Hz for "A"-weighting (see

Definition 91), subtract the HPD's listed attentuation at that frequency band
and add 2 times the HPD's listed standard deviation. These resultant levels
are summed logarithmically to yield the calculated A-weighted noise level-under the HPD.'
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b. NRR Calculation: Very simply, the NRR it subtracted from the
actual noise level, measured on the C-weighted scale, to yield the estimated
A-weighted noise level under the HPD. (Note: If only the actual A-weighted
noise level is known, the KPR may still be applied by adding an estimate of
the C-A differerce, normally approximately 5 dR, to the A-weighted level and
then subt:acting the NU-.)

4. Adjusting the calculated HPD noise reduction to compensate for real
world use is a controversial issue since the HPD effectiveness is directly
related to the motivation and understanding of the employee. The Coast Guard
recommends that in noraal circumstances, where employees are instructed in the
importance and use oZ 4PD's, a correction factor of 5 dB less than
manufacturers stated attenuation shouid be applied. If it is not desirable to
apply this safety factor, the owner should insure that the audiometric test
program is strengthened to detect ineffective HPD performance.

5. As we address the problem of HPD's not achieving desired results, we
must hastily add that this problem is not automatically corrected simply by
getting the best attenuating devices available. Overprotecting workers may
present problems just as serious as underpretecting. When HPD's attenuate
more noise than necessary, they also filter out wanted sound such as that from
conversation, audible signals and alarms, and operating machinery. In order
to hear these sounds, workers will often deliberately misfit or tamper with
their HPD's. If they do not, they may miss important communications and
signals, endangering the vessel or operation. This is why it is important to
select the HPO which pTotEcts mainly at the frequency levels necessitated by
the particular noise encountered and then train and motivate the personnel to
properly wear the devices to attain the calculated attenuation.

6. Once HPD's are properly selected and issued, care must be taken to
maintain them. Manufacturers' instructions concerning sanitation, maintenance

and replacement should be followed° For example, cushions on ear muffs often
harden and crack after a few months use, reducing the effectiveness of the
muff, and must be replaced.

2i

f 2



Enclosure (5) to VC1 2 " 8 2

HEARING CONSERVATION PROGRAJM

1. A Hearing Conservation Program should be designed to prevent hearing
damage to crewmembers and to detect and treat, at an early stage, those
persons who are beginning to experience a loss in hearing acuity due to
workplace noise. Some basic elements of a Hearing Conservation Program are as
follows:

a. A well-designed plan for controlling the noise exposures of
crewmembere through administrative controls and hearing protective devices
(HPD's).

b. Insttuction of exposed persons on the hazards of high noise
exposure, the design and goals of the unit's Hearing Conservation Program, and
the proper use of hearing protective devices.

c. Initial and periodic audiometric tests administered by a trained

and appropriately qualified person and reviewed according to accepted practice.

d. Maintenance of audiometric test records.

e. Follow-up analysis of records to detect individuals incurring a
significant shift in hearing acuity and subsequent action to prevent further
hearing damage to those individuals.

2. As important as the design of a Hearing Conservation Program is, a
factor Just as critical is the effort spent on convincing the affected
personnel of the reasons behind the program and the purpose of the procedures

chosen. The pivotal characteristics of a successful Hearing Conservation
Program can be broken down as follows:

"" education
"" motivation
"• comfortable and effective HPD's
"* support by all levels of supervision
"* enforcement
"* feed-back

When a hearing Conservation Program is well designed and implemented, the

proper use of HPD's can become quickly established and accepted by the crew.
Popular misconceptions concerning noise and HPD's con be dissolved through an
effective educational program. Many short films are available which are
useful in highlighting the pertinent topics and maintaining the interest of
personnel (enclosure (9), ref. 13).

I
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NOISE LIMITS R£COHt NDED BY 10U

(Reference paragraph 4.C.2 of main text.) The following are noise level
limits recommended by the International Maritiw• O-ganizotion (IM0) in its
"Code On Noise Levels On Board Shipt" (Enclosure (9), ref. 2) for new vessels
over 1600 gross tons.

1 Work Spaces dB(A)

.1 Machinery spaces (continuously manned) 90'

.2 Machinery spaces (not continuously manned) 110

.3 Machinery control room* 75

.4 Workshops 85

.5 Non-specified work spaces 90*

2 Navigation spaces dB(A)

.1 Navigating bridge an4 chartrooms 65
wings and windows 70

.3 Radio rooms (with radio equipment operating
but not producing audio signals) 60

.4 Radar room: 65

3 Accommodation spaces dB(A)

.1 Cabins and hospitals 60

.2 Mess rooms 65

.3 Recreation rooms 65

.4 Open recreation areas 75

.5 Offices 65

4 Service spaces

.1 Galleys, without food processing
equipment operating 75

.2 Serveries and pantries 75

5 Normally unoccupied spaces dB(A)

Spaces not specified 90*

lI * Coast Guard Note: Reduction to this level will not automatically
preclude need for hearing protective devices.

Siliii r~i-P1 4
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SUGGESTED INGINEERING MTHODS FOR CONTROLLING NOISE

1. General

a. Reducing shipboard noise levels is a complex endeavor which requires
careful consideration. This enclosure presents a short discussion of the many
practices which are commonly used today.

b. Design and construction of noise control measures should be supervised by
persons skilled in noise control techniques. The references listed in
enclosure (9) also, offer a wealth of expertise on the subject. Attention is
drawn in particular to reference 5, the SNA1]E Design Guide for Shipboard
Airborne Noise Control.

c. Some of the measures which can be taken to control noise levels or reduce
the exposure of crewmembers to potentially hermful noise are indicated ir
paragraphs 2 through 10 of this enclosure. It is emphasized that it will not
be necessary to implement ell or any of the measures recommended in this
enclosure on all ships. The enclosure does not provide detailed technical
information needed for putting consLructional noise coatr,,1 measures into
effect, or for deciding which measures are appropriate in particular
circumstances.

j. ~ ~ In------------nrolI.zuzz crcshulA be te to~ tnzure thet

rules and regulations concerning ship structure, accommodation and other
safety matters are not infringed and that the use of sound reduction materials
does not introduce fire or health hazards.

e. The need for noise control should be taken into account in the design
stage of a unit, vhin deciding which of different designs of structures,
engines and machinery are to be installed, the method of installation, the
siting of machinery in relation to other spaces, and the acoustical insulation
and siting of the accommodation spaces.

f. Due to the normal methods of ship construction, it is most probable that
noise originating from machinery and propeilers reaching the accommodetion and
other spaces outside the machinery spaces will be of the structure-borne type.

g. When designing efficient and economical measures for controlling noise
from machinery installations in existing ships, the A-weithted noise
measurements must normally be supplemented by some form of frequency analysis.

2. Isolation of Sourccs of Noise

a. Where practicable, any engines or machinery producing excessive noise
levels should be installed in compartments which do not require continuous
attendance.

b. Accommodations should be sited both horizGntally and vertically as far
away as ia practicable from sources of noise such as propellers and propulsion
machinery.

p, ,.

- I.1



Enclosure (7) to NVC1 2 8 2
2 JUN 19%?

c. Machinery casings should, where practicable, be arranged outside

superstructures and deck houses containing accommodation spaces. Where this
is not feasible, passageways should be arranged between the casings and
accommodation spaces, if practicable.

d. Consideration should be given, where practicahle, to the placing of
accomodstion spacek in deck houses not in superstructures extending to the
ship's side.

e. Consideration may also be given where applicable to the separatior of i,
accommodation spaces from mAthinery spaces by ursoccupied spaces, sanitary and

washing rooms.

f. Suitable partitions, bulkheads, decks, etc. may be needed to prevent the
spread of sound. It is important that these be of the correct construction
and location in relation to the source of sound and the frequency of the sound
to be attenuated.

g. Sound absorbing material is useful in preveýiting the increase of noise
level due to reflection from partitions, bulkheads, decks, etc.

3. Exhaust and Intake Silencing

a. Air intake systems to machinery spaces, accommodation spaces and other
spaces snd exhausL 6oL; from internal combustion engines should be arranged
so that the inflow or discharge orifices are remote from places which are
normally frequented by crewmembers.

b. Silencers and attenuators often provide effective noise reduction. Lining
of ventilation ducts at strategic locations with sound absorbing material
(with due regard to structural fite protection standards) can also be
extrLmely effeccive.

c. To minimize noise levels in accommodations, it is normally necessary to
isolate exhaust systems and certain pipework and ductwork from bulkheads,
casings, etc.

4. Machinery Controls

a. In continuously manned spaces or spaces where crewmembers might reasonably
be expected to spend lengthy poriods of time on maintenance or overhaul work,
consideration may have to be given to the fitting of sound instui16ng
enclosures or partial enclosures to engines or machinery producing excessive
sound levels. When sound insulating enclosures are fitted, it is important
that they entirely enclose the noise source.

2
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b. Although it may seem that noise in high noise areas such as engineeroome
and machinery spaces eminates from a vague multitude of noise contributing
sourceb, it has bean found that most of this noise it usually traceable to a
few specific components on certain systems or machinery. These components can

usually be traced systematically and then economically treated, substantially
reducing engineroom noise levels, often to levels where hearing protectors
would not he necessary. A partial list of thLse major noise elements are as
follows:

Steam Turbine Plants Diesel Plants
Gear boxes 4-G sets

H-G sets Gear boxes
Valves Hydraulic systems
Boiler fana Ventilation system fans

Hydraulic systems Engine components
Ventilation system fans - Turbo chargers

Turbines - Valve covers
Couplers (high speed only) - Inspection plates

- Exhaust system-
- Expansion joints
- Intake system

5. Reduction of Noise in the Aft Body

To reduce the noise influence in the aft part of the .-easel, especially in
the acco=0odation spar;;, co~nsiderstion way be Rilva to the vatious
noise/vibration cottributions of propeller, shaft, wave action, etc. during

the procedures of designing the aft body, propeller, etc.

6. Enclosure of the Operator

In many machinery spaces it may be desirable to protect operating or
watchkeeping oereonnal by providing a sound reducing conttol room or other

similar space.

7. Control. in Accommodation Spaces

a. To reduce noise levels in accommodation spaces it may be necessary to
consider the isolation of deck houses containing such spaces from the
remaining structure of the ship by resilient mountings.

b. Consideration may also be given to the provision of flexible connections
to bulkhes.ds, liniaigs and ceilings and the installation of floating floors
within accommodation spaces.

j c. The provision of curtains to side scuttles and windows and the use of
carpets within accomodation spaces assists in absorbing noise.

3I
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8. Selection of Machinery

a. The sound produced by each itse of machinery to be fitted should be taker,
Into account At the design stale. It Is often possible to control noise by
selecting the machine which produces the least airborne, fluid-borne or
structure-borne sound.

b. Kanufacturers rhould be requested to supply information on the sound
produced by their machiner7 and also to provide recommended methods of
installstion in order to keep noise levels to a minimum.

9. nspection and Maintenance

All items of machinery. equipment end associated working spaces should be
regulsrly inspected vith respect to noise by a competent person. Should such
inspection reveal defects in the %eans for noise control, or other defects
causing excessive noise, these should be rectified as soon as practicable.

10. Vibration Isolation

a. Where necessary, 2achines should be supported on specially designed and
fitted resilient mountings.

b. Where structure-borne sound from auxiliary machinery, compressors,
hydraulic uu•is, acnerating *ets, vents, exhaust pipes and silencers produces
unacceptable noise levels in accommodatton spaces or on the naigating bridge.
resilient mountings should be fitted to Isolate the equipment from the
structure.

c. When sound insulating enclosures are fitted it is desirable that the
machine should be resiliently mounted and that all pipe, trunk and cable
connections to it be flexible.

S4
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NOISE REDUCTION ON TOWBOATS AND OTHER SHALL VESSELS ...

1. The problem of noise on small vessels such as towboats, offshore

supply boats, crewbosts, etc. is in many ways more difficult and complex than

on larger vessels. Although e*r..losur* (7) discusses most of the practiced

methods of noise control on vessels, a separate enclosure speaking

particularly to the problem on small vessels was considered necessary.

2. Small vessels usually incorporate high horsepower propulsion systems

inco very smoll frames. Consequently, mechanical vibration from the machinery

is not effectively dampened by the mass of the vessel, but rather is

transmitted through the light structure and converted to noise as it vibrates
about the vessel. This structure-borne noise is the predominant problem on

most small vessels and is difficult to control. Because of the magnitude of

the problem, It has been accepted that high noise levels are usually

unavoidable. As a result, creowembers are exposed to very high noise levels

not just in working areas, but in mess, lounge and berthing areas as well.

3. Despite the difficulties, there is potential for substantial noise
reductions on small vessels. Other countries and a few companies in the
United States have successfully developed several noise control techniques

over the last decade. The techniques are somewhat expensive, but generally
not prohibitively so. Investments made in developing and implementing these

techniques will afford substantial benefits in days ahead.

4. When considering the application of noise controls. it is suggested

that first priority generally be placed upon reducing noise to acceptable
levels in accommodation spaces and in those areas3 where personnel cannot wear
protective devices because of operational necessity. This should not

discourage application of engineering controls to machinery spaces, since such

controls are often the best method of reducing noise in other areas of the
vessel. Noise reductions can be more easily achieved on new vessels,

incorporated into the vessel design, than retrofitted into existing vessels.

Because of the complexity of noise control, it is important that persons
having expertise in shipboard noise control be consulted particularly

throughout the design and construction phases of new vessel construction and

before attempting expensive noise controls on existing vessels.

5. No attempt will be made to describe in detail the various means for
reducing noise levels on small vessels. Literature such as that listed in

references 6.j. thru 10 of enclosure (9) should be researched for this
information. However, the following is a partial list of several methods,
moot of which are discussed in enclosure (7), which should be considered:

- maximizing distances and providing buffer spaces (voids, tanks.
etc.) between accommodation and machinery spaces;

- room isolation, e.g. floating lecks and resiliently suspended

bulkheads and deckheads;

I *1
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- resilient mounting of all vibrating machinery;
- effective noise barrier around high noise spaces, to prevent noise

transmission to adjacent spaces, and sound absorbing material
around high noise spaces, to reduce contribution of reverberant

noise within the space;
- flexibly mounting exhaust, ventilation and other service lines;
- insuring that all fit-ups are tight and that ell penetrations

through spaces are sealed;
- silencer* or attenuators on Air intakes and exhaust;
- sound absorbtion treatment of accommodatlon spaces;

- use of low noise components, e.g. hydraulic pumps with low
fluid-borne noise levels.

6. The use of room isolation is expensive and can possibly present
stability problems by affecting a \'ssel's cenrer of gravity. However. the
results in reducing noise levels can be dramatic. Now that better techniques
are being refined and standardized, room isolation shokild be giver, serious
consideration.

7. The use of restlient mountd on main ptopulsion engines can also have
dramatic results in reducing transmission of noise through the structure to
outside spaces. They do however, present substantial problems for shtft
alignment and maintenance and in most cases require use of flexible
couplings. At the present time the use of resilient mounts for main
propuision enSines way fL 'V6 !easible on mzny v.'esse* 4nwtver, the
technology is certainly feasitle and should be developed by the industry.

8. The technology for reducing noise on small vessels is feasible; much
is already developed. There is an immediate need for an industry forua for
guiding this Lechnological development and providing standards and information
which could then be diseminated back to the industry. It is believed that if
enough interest were expressed to an appropriate technical soziety a committee
would be established to perform this function.

2$
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REFE RENCFS

1. "Stud), of Airborne NoiAe on Herchant Ships-, performed for U.S. Coast
Guard by U.S. Navsl Ocean Systems Center (NOSC), San Diego, CA. Five
volumes: NOSC technical ducuments 0243 (NTIS/AD-A075 356), 254 (NIIS/AD-AO75
0,110), 0257 (NTIS/AD-AO75 001/8), and 0261 (NTIS/AD-A080 631/5) and technical
report #405 (NTIS/AD-A075 002/6). Available through the National Technical
Information Service (NTIS), Springfield, VA 22161, Tel. 703-557-4650.

2. "'Code On Noise Levels On Board Ships," Internat!onal Maritime Organization
(IMO) Resolition A.468 (XII); after it is published this cod* will be
available through: New York Nautical Instrument And Service Corp., 140 W.
Broadway, New York, N.Y. 10013, Tel. 212-962-4650.

3. "Noise Control In Ships," handbook, 1976, NTNF Report B.0930.4502.1
Norwegian Council for Technical and Scientific Revearch (NT.TF), Caustadalleen
30, Biindern, Oslo 3, Norway. Available through: Selvig's Publish~ng licuse,

Ltd., Oslo, Norway.

4. 'Noise Abatement On Ships," Report 118, 1976, The Swedish Maritime
Research Center, Box 24001, S40022 Gothenburg, Sweden.

5. "SNAiNE Design Guide for Shipboard Airborne Noisp rontro,". (acheduled for
publicAtion in aumfet 1982) Society of Naval Architects and Marine Engineers,
Publications Division, I World Trade Center, Suite 1369, New York, NY 10048;
Tel. (212) 432-0310.

6. The following references, reports and other literature are available from
Det norske Veritas at this address: Det norske Verttas, Chrysler Building,
49th Floor, 405 Lexington Ave., New York, NY 10017; Tel. (212) 697-2056:

a. "Acoustical Planning In Ship Design," E. Brubakk.
b. "'Noise Prediction and Planning In Ships," A.C. Nilsson, Rpt. No.

78-030.

C. "Controlling the Noise Problem - Prediction, Measurement gnA

Remedies," pamphlet.
d. "Prediction of Vibration at the Design Stage - Eycitation and

Response," pamphlet.
e. "Prevention of Harmful Vibration In Ships," 2nd Ed. (1982).
f. "Handbook of Vibration Control In Ships," (1982).
g. "Propeller Indu:ed Hull Plate Vibration," A.C. Nilsson (1980).
h. "Propeller Induced Noise In Ships", Nilsson, Persson and Tyvand, SNAIME

Symposium (1981).
I. "Modelling Aspects for Finite Element Analysis of Ship Vibration,"

Computers and Structure, Skaar & Carisen (1980) V'ol. 12, pp. 409-419.
j. "Noise Control On Small Ships," E. Brubakk, paper presented at

Inter-Noise 1979. -
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7. "Feasible Noise Levels In Accomodation of Vessels Engaged In Towing,- a
report for the Ninistry of Transport, Canada, by Jackson-Talbot and Associates
Lti. Avsilable through: Hull Inspection and Standards Div., Canadian Coast
Cuard, Tower A, Transport Canada Building, Place de Ville, Ottawa, Ontario KiA
ON7. COST: $25.00.

8. "Noise Control On Diesel Tugs - A Sequel.- by T. R. Dyer and B. Lundgaard;
presented to Pacific Northwest Section of the Society of Naval Architects and
Mtarine Engineers. November 1, 1980; available though SNAME, See reference (e)
for address.

9. "Sound Attenuation - Towboats,. Steven Roik, Chairman, Council of Marine
Carriers Sound Comittee; presented at the British Columbie Towboat Industry
Conference, March 1981.

10. "Design Practices for Silencing Diesel Powered Small Poats," NAVSEA
0902-039-1,)10.

11. "(ompendtum of Materials for 4oise Control," NIOSH, DIEW (NIOSH) Pub. No.
80-116, May 1980. Available through: Superintendent of Documents, Government
Prin:tng Office, Washington, D.C. 20402; Stock #017-033-00359-9; Cost: $9.00.

12. -List of Personal Hearing Protectors and Attenuation Data,- NIOSR, HEW
Pub. No. 76-120. Available through: National Technical Information Service
(NTIS), 5285 Port Royal Road, Springfield, VA 22161, ph. 703-557-4650; Stock
No. PB 267 461, Cost: $7.50.

13. A list of approximately 20 films on hearing and hearing protection,
produced by both manufacturers and professional organizations, is available

upon request from E.k.R. Division, Cabot Corporation, Indianapolis, Indiana,
46268; telephone (317) 872-1111.

I-. The following ANSI standards, referenced in this Circular may be ordered

from The American National Standards Institute, Inc., 1430 Broadway, New York,
N.Y. 10018.

Specification for Accident Prevention Signs, Z35.1-1972;
Specification for Sound Level Meters, SI.4-1971(R1976);
Specification for Personal Noise Dosimeters, 51.25-1978;
Methods for Measurement of Sound Pressure Levels, Sl.13-1971(R1976);
Method for Physical Measurement of Sound, S1.2-1962(R1976).

15. "Acoustics-Measuresent of Noise On Board Vessels,. International
rrganitation for Standardization, ISO Standard 2923 - 1975(E); can be ordered
through ANSI (sea reference 14).
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